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Description 

The present invention relates to cyclic peptides, which are vasoactive peptide (VIP) analogs and to 
pharmaceutical compositions comprising said cyclic peptides. The said pharmaceutical compositions are 
5 useful in the treatment of bronchotracheal constrictive disorders. 

Vasoactive intestinal peptide (VIP) was first discovered, isolated and purified from porcine intestine. 
[U.S. Pat. No. 3,879,371]. The peptide has twenty-eight (28) amino acids and bears extensive homology to 
secretin and glucagon. [Carlquist ef al., Horm. Metab. Res., 14, 28-29 (1982)]. The amino acid sequence of 
VIP is as follows: 

w 

His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-Arg-Leu- 
Arg-Lys-Gln-Met-Ala-Val-Lys-Lys-Tyr-Leu-Asn-Ser-Ile- 
Leu-Asn-NH2 [ (SEQ ID NO:l)-NH 2 ] 

15 

VIP is known to exhibit a wide range of biological activities throughout the gastrointestinal tract and 
circulatory system. In light of its similarity to gastrointestinal hormones, VIP has been found to stimulate 
pancreatic and biliary secretion, hepatic glycogenolysis, glucagon and insulin secretion and to activate 

20 pancreatic bicarbonate release. [Kerrins, C. and Said, S.I., Proc. Soc. Exp. Biol. Med., 142, 1014-1017 
(1972); Domschke, S. ef a/., Gastroenterology, 73, 478-480 (1977)]. 

Neurons containing VIP have been localized by immunoassay in cells of the endocrine and exocrine 
systems, intestine and smooth muscle. [Polak, J.M. et a/., Gut, 15, 720-724 (1974)]. VIP has been found to 
be a neuroeffector causing the release of several hormones including prolactin [Frawley, L.S., ef al., 

25 Neuroendocrinology, 33, 79-83 (1981)], thyroxine [Ahren, B., et a/., Nature, 287, 343-345 (1980)], and 
insulin and glucagon [Schebalin, M., et al., Am. J. Physiology E., 232, 197-200 (1977)]. VIP has also been 
found to stimulate renin release from the kidney in vivo and in vitro. [Porter, J. P., et al., Neuroen- 
docrinology, 36, 404-408 (1983)]. VIP has been found to be present in nerves and nerve terminals in the 
airways of various animal species and man. [Dey, R.D., and Said, S.I., Fed. Proc, 39, 1062 (1980); Said, 

30 S.I., ef al., Ann. N.Y. Acad. Sci., 221, 103-114 (1974)]. VIP's cardiovascular and bronchopulmonary effects 
are of interest as VIP has been found to be a powerful vasodilator and potent smooth muscle relaxant, 
acting on peripheral, pulmonary, and coronary vascular beds. [Said, S.I., ef al., Clin. Res., 20, 29 (1972)]. 
VIP has been found to have a vasodilatory effect on cerebral blood vessels. [Lee, T.J. and Berszin, I., 
Science, 224, 898-900 (1984)]. In vitro studies have demonstrated that vasoactive intestinal peptide, applied 

35 exogenously to cerebral arteries, induced vasodilation, suggesting VIP as a possible transmitter for cerebral 
vasodilation. [Lee, T. and Saito, A., Science, 224, 898-901 (1984)]. In the eye, VIP has also been shown to 
be a potent vasodilator [Nilsson, S.F.E. and Bill, A., Acta Physiol. Scand., 121, 385-392 (1984)]. 

VIP may have regulatory effects on the immune system. O'Dorisio ef al. have shown that VIP can 
modulate the proliferation and migration of lymphocytes. [J. Immunol., 135, 792s-796s (1985)]. 

40 Since VIP has been found to relax smooth muscle and it is normally present in airway tissues, as noted 
above, it has been hypothesized that VIP may be an endogenous mediator of bronchial smooth muscle 
relaxation. [Dey, R.D. and Said, S.I., Fed. Proc, 39, 1962 (1980)]. It has been shown that tissues from 
asthmatic patients contain no immunoreactive VIP, as compared to tissue from normal patients. This may 
be indicative of a loss of VIP or VIPergic nerve fibers associated with the disease of asthma. [Ollerenshaw, 

45 S. ef a/., New England J. Med., 320, 1244-1248 (1989)]. In vitro and in vivo testing have shown VIP to 
relax tracheal smooth muscle and protect against bronchoconstrictor agents such as histamine and 
prostaglandin F 2a . [Wasserman, M.A. ef a/., in Vasoactive Intestinal Peptide, S.I. Said, ed., Raven Press, 
N.Y., 1982, pp 177-184; Said, S.I. ef a/., Ann. N.Y. Acad. Sci., 221, 103-114 (1974)]. When giving 
intravenously, VIP has been found to protect against bronchoconstrictor agents such as histamine, 

so prostaglandin F 2a , leukotrienes, platelet activating factor as well as antigen-induced bronchoconstrictions. 
[Said, S.I, ef a/., supra, (1982)]. VIP has also been found to inhibit mucus secretion in human airway tissue 
in vitro. [Coles, S.J. ef al., Am. Rev. Respir. Dis., 124, 531-536 (1981)]. 

In man, when administered by intravenous infusion to asthmatic patients, VIP has been shown to cause 
an increase in peak expiratory flow rate and protect against histamine-induced bronchodilation. [Morice, 

55 A.H. and Sever, P.S., Peptides, 7, 279-280 (1986); Morice, A. ef a/., The Lancet, II 1225-1227 (1983)]. The 
pulmonary effects observed by this intravenous infusion of VIP were, however, accompanied by cardiovas- 
cular side-effects, most notably hypotension and tachycardia and also facial flushing. When given in 
intravenous doses which did not cause cardiovascular effects, VIP failed to alter specific airway conduc- 
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tance. [Palmer, J.B.D., et al., Thorax, 41, 663-666 (1986)]. The lack of activity was explained as being due 
to the low dose administered and possibly due to rapid degradation of the compound. 

When administered by aerosol to humans, native VIP has been only marginally effective in protecting 
against histamine-induced bronchoconstriction. [Altieri et aL, Pharmacologist, 25, 123 (1983)]. VIP was 

5 found to have no significant effect on baseline airway parameters but did have a protective effect against 
histamine-induced bronchoconstriction when given by inhalation to humans. [Barnes, P.J. and Dixon, 
C.M.S., Am. Rev. Respir. Dis., 130, 162-166 (1984)]. VIP, when given by aerosol, has been reported to 
display no tachycardia or hypotensive effects in conjunction with the bronchodilation. [Said, S.I. et a/., in 
Vasoactive Intestinal Peptide, S.I. Said, ed., Raven Press, N.Y., 1928, pp 185-191]. 

10 Because of the interesting and potential clinically useful biological activities of VIP, the substance has 
been the target of several reported synthetic programs with the goal of enhancing one or more of the 
properties of this molecule. Takeyama et al. have reported a VIP analog having a glutamic acid substituted 
for aspartic acid at position 8. This compound was found to be less potent than native VIP. [Chem. Pharm. 
Bull., 28, 2265-2269 (1980)]. Wendlberger et al. have disclosed the preparation of a VIP analog having 

75 norleucine substituted at position 17 for methionine. [Peptide, Proc. 16th Eur. Pept. Symp., 290-295 (1980)]. 
The peptide was found to be equipotent to native VIP for its ability to displace radioiodinated VIP from liver 
membrane preparations. Watts and Wooton have reported a series of linear and cyclic VIP fragments, 
containing between six and twelve residues from the native sequence. [Eur. Pat. Nos. 184309 and 325044; 
U.S. Pat. Nos. 4,737,487 and 4,866,039]. Turner et al. have reported that the fragment VIP(10-28) is an 

20 antagonist to VIP. [Peptides, 7, 849-854 (1986)]. The substituted analog [4-CI-D-Phe 6 ,Leu 17 ]-VIP has also 
been reported to bind to the VIP receptor and antagonize the activity of VIP. [Pandol, S. et al., Gastrointest. 
Liver Physiol., 13, G553-G557 (1986)]. Gozes et al. have reported that the analog 
[Lys^rc^Arg^A^Pro^TyrSj-VIP is a competitive inhibitor of VIP binding to its receptor on glial cells. 
[Endocrinology, 125, 2945-2949 (1989)]. Robberecht ef al. have reported several VIP analogs with D- 

25 residues substituted in the N-terminus of native VIP. [Peptides, 9, 339-345 (1988)]. All of these analogs 
bound less tightly to the VIP receptor and showed lower activity than native VIP in c-AMP activation. 
Tachibana and Ito have reported several VIP analogs of the precursor molecule, [in Peptide Chem., T. 
Shiba and S. Sakakibara, eds., Prot. Res. Foundation, 1988, pp. 481-486, Jap. Pat. No. 1083012, U.S. Pat. 
No. 4,822,774]. These compounds were shown to be 1- to 3- fold more potent bronchodilators than VIP and 

30 had a 1- to 2- fold higher level of hypotensive activity. Musso et al. have also reported several VIP analogs 
have substitutions at positions 6-7, 9-13, 15-17, and 19-28. [Biochemistry, 27, 8174-8181 (1988); Eur. Pat. 
No. 8271141; U.S. Pat. No. 4,835,252]. These compounds were found to be equal to or less potent than 
native VIP in binding to the VIP receptor and in biological response. Bartfai ef al. have reported a series of 
multiply substituted [Leu 17 ]- VIP analogs. [International Patent Application No.WO 89/05857]. 

35 Further, synthetic vascoactive intestinal peptide analogues have been described for example in EP 405 
242. Here, linear derivatives contain substitutions of selected amino acids at specific positions of the VIP 
molecules. 

The present invention comprises cyclic vasoactive peptide analogs. A cyclic peptide is a peptide 
wherein the side chain carboxy terminus of one amino acid in the peptide chain is attached covalently to 
40 the side chain amino terminus of another amino acid in the peptide chain via the formation of an amide 
bond. The covalent bonding between the two amino acid residues in the peptide chain yields a ring 
structure. 

The biological activity of cyclic peptides may be substantially different compared to those of the parent 
linear analogs. Cyclic peptides are conformationally more rigid, possessing more well defined structures. 

45 These changes are reflected in the biological profiles of the cyclic peptides. Cyclization of a peptide analog 
may extend the duration of action of the peptide due to the enhanced rigidity which renders it less 
susceptible to chemical and enzymatic degradation. Bioavailability of cyclic peptides may be increased due 
to changes in the physical properties of the peptide as the result of rigidification of the structure. Further, 
the well defined shape of the cyclic peptide may allow greater specificity for the target receptor than that of 

so linear peptides, thus reducing the propensity for undesirable biological activities concominant with the 
desired one. 
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The present invention comprises novel cyclic peptides of the formula : 

I. 



X-His-Ser-Asp-Aia-Val-Phe-TTir-R8-A$rvTyr-Thr-R 1 T 
10 Leu-Arg-Lys-Gin-R ir Ala-Val-Lys-Lys-TyT- [X-<SEQ ID NO:2)-Y] 

Leu- Asp-Se r- R26-Leu - R 28- Y 



75 



20 



25 



30 



wherein Rs is Asp, Glu or Lys; R12 is Arg, Lys, Orn or Asp; R17 is Met or Nle; R26 is lie or Val; R28 is Asn 
or Thr; X is hydrogen or a hydrolyzable amino protecting group; Y is hydroxyl or a hydrolyzable carboxy 
protecting group; or pharmaceutical^ acceptable salts thereof. 
Preferred are peptides of the formula: 

i 1 

X-His-Ser-Asp-Ala-Val-Phe-Thr-Rs-Asn-Tyr-Thr-Rir 

Leu-Arg-Lys-Gln-Nle-AIa-Val-Lys-Lys-TyT- [x-(SEQ id NO:3)-Y] 

Leu-Asp-Ser-Val-Leu-Thr-Y 



wherein X, Y, Rs and R12 are as above for Formula I. 

The present invention also comprises novel cyclic peptides of the formula: 

35 II. 

i — i 

X-His-Ser-Asp-Ala-Val-Phe-Thr-Rg-Asp-Tyr-Thr-Lys- 



40 



Leu-ArghLys-GlfrRirAIa-Val-Lys-Lys-Tyr- [x-(SEQ ID NO:4)-Y] 

45 Leu-Asp-Ser-Ra6-Leu-R28-Y 

wherein Rs is Asp or Asn; R17 is Met or Nle; R26 is He or Val; R28 is Asn or Thr; X is hydrogen or a 
hydrolyzable amino protecting group; Y is hydroxyl or a hydrolyzable carboxy protecting group; or 
50 pharmaceutical^ acceptable salts thereof. 
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Preferred is a peptide of the formula: 



X-His-Ser-Asp-AJa-Val-Phe-Thr-Asn-Asp-Tyr-Thr-Lys- 

Leu-Arg-Lys-G!r>Nle-Ala-VahLys-Lys-Tyr- [X-(SEQ ID NO:5)-Y] 

Leu-Asp-Ser-Val-Leu-Thr-Y 

wherein X and Y are as above for Formula II. 

The present invention also comprises cyclic novel peptides of the formula: 

III. 

I — I 

X-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-AsrvTyr-Thr-Lys- 
I 

Leu-Arg-Lys-GIu-R ir Ala-Val-Lys-Lys-Tyr. [X-(SEQ ID NO:6)-Y] 

Leu-Asp- Ser-R26-Leu-R28- Y 

wherein R17 is Met or Nle; R26 is He or Val; R28 is Asn or Thr; X is hydrogen or a hydrolyzable amino 
protecting group; Y is hydroxyl or a hydrolyzable carboxy protecting group; or pharmaceutical^ acceptable 
salts thereof. 

Preferred are peptides of the formula: 

I — I 

X-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-Lys- 

I 

Leu-Arg-Lys-Glu-Nle-Ala-Val-Lys-Lys-Tyr- [X-(SEQ ID NO:7)-Y] 

Leu-Asp-Ser-Val-Leu-Thr-Y 



wherein X and Y are as above for Formula III. 
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The present invention also comprises novel cyclic peptides of the formula: 



IV. 



70 



X-His-Ser-Asp-AIa-Val-Phe-T?ir-Asp-Asn-Tyr-Thr-Ri2- 



r 

Leu-Arg-Lys-GlrvRirAla-VaJ-Lys-Lys-Tyr- 



Leu-Asp-Ser-R26-Leu-R2B-Y 



[X-(SEQ ID NO:8)-Y] 



75 wherein R12 is Arg or Lys; R17 is Met or Nle; R26 is He or Val; R 2 s is Asn or Thr; X is hydrogen or a 
hydroyzable amino protecting group; Y is hydroxyl or a hydrolyzable carboxy protecting group; or 
pharmaceutical^ acceptable salts thereof. 
Preferred are peptides of the formula: 



20 



25 



X-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-Lys- 



r 

Leu-Arg-Lys-Gln-Nle-Ala-VaJ-Lys-Lys-Tyr- 



[X-(SEQ ID NO:9)-Y] 



Leu-Asp-Ser-Val-Leu-Thr-Y 



wherein X and Y are as above for Formula IV. 
30 The present invention also comprises novel cyclic peptides of the formula: 



35 



40 



X- R r R r Asp-Ala- Val- R$-Th r- R 8 - Asn-R ! 0 -Th r- R 1 r 



Leu-Arg-Lys-Ri6-R 1 r Ala-R ! g-Lys-Lys-Rar 



I 

Leu-R 2 4-Asp-R26-R2r R 28-Y 



[X-(SEQ ID NO:10)-Y] 



45 



50 



wherein R1 is His, N-CH 3 -A!a; R2 is Ser or Ala; Ffc is 



Q 

n O 



55 



where Q is cyclohexyl lower alkyl or aryl lower alkyl; Rs is Asp, Glu or Ala; R10 is Tyr or Re; R1 2 is Arg or 
Lys; Rig is Gin or Ala; R17 is Met, Nle or Ala; R19 is Val or Ala; R 22 is Tyr or FU; R24 is Asn or Ala; R 2 6 is 
lie, Val, or Leu; R27 is Leu or Lys; R28 is Asn, Thr, or Lys; X is hydrogen or a hydrolyzable amino 
protecting group; Y is hydroxyl, a hydrolyzable carboxy protecting group, or R29-R30-R31-Z; R29 is Gly or 
Ala; R30 is Gly or Ala; Rai is Ala, Met, Cys(Acm), or Thr; Z is hydroxyl or a hydrolyzable carboxy protecting 
group; or pharmaceutical^ acceptable salts thereof. 
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Q is preferably: 

X 



x _CH2 

10 

wherein n = 1,2; Xi and X2 independantly equal hydrogen, OH, OCH 3 , F, CI, I, CH 3 , CF 3l NO2. NH 2 , N- 
(CH 3 )2, NHCOCH3, NHCOCsHs. or C(CH 3 ) 3 . 

More preferably, Q is benzyl, p-fluoro benzyl, p-amino benzyl, p-hydroxy benzyl, o-methyl, 1 -methyl 
naphthyl or 2-methyl napthyl. Q is most preferably benzyl. 

75 



20 



25 



30 



35 



40 



45 



50 
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Preferred are peptides of the Formulas; 



X-RrRrAsp-Ala-VaUVThr-Rs-AsrvRio-Thr-Rir 



I 

Leu-Aig-Lys-R 1 6-RirAla-Rig-Lys-Lys-R 22 - 



I 

Leu-R24-Asp-VaJ-R2rTrir-Y 



[X-(SEQ ID NO:ll)-Y] 



X-R r RrAsp-Ala-VaPR6-Ttir-R8-AsrvR 10 -TTir-R ir 



Leu-Afg-Lys-R 1 6-Nte-A!a-R 1 9-Lys-Lys-R 2 2- 



I 

Leu-R 2 4-Asp-Val-R2rThr-Y 



[X-(SEQ ID N0:12)-Y] 



X-R r R r Asp- Ala- Vai-R^Trir- R 8 -Asn- R ^ 0 -Thr-Leu- 



l — 

Leu-Arg-Lys-R 1 6-Nie-Ala-Ala-Lys-Lys-R 2 r 



I 

Leu-R24-Asp-Val-R2rThr-Y 



[X-(SEQ ID NO:13)-Y] 



X-RrRrAsp-Ala-Val-Re-Thr-Rs-AsrvR^-Thr-Lys- 



r 

Leu-Arg-Lys-Ri6-Nte-Ala-Ri9-Lys-Lys-R22- 



I 

Leu-R24-Asp-Val-R 2 7-Thr-Y 



[X-(SEQ ID NO:14)-Y] 



X-R 1 -R2-Asp-AIa-Val-R6-"nir-R8-Asn-R 1 o-Thr-Lys- 



I — 

Leu-Arg-Lys-R 16 -Nle-Ala-Ala-Lys-Ly$-R22- 



Leu-R 2 4-Asp-Val-R 2 rThr-Y 



[X-(SEQ ID NO:15)-Y] 
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X-Ri-Rj-Asp-Ala-Val-Rs-Ttir-Re-Asn-R^Thr-Rir 



I 

Leu-Arg-Lys-Ri6-RtrAla-Ri9-Lys-Lys-R22- 



r 

Leu-R24-Asp-Leu-Lys-Lys-Y 



[X-(SEQ ID N0:16)-Y] 



X-R 1 -R^Asp-AIa-Val-Re-Thr-RB-Asn-Ri o-Thr-Lys- 



I — 

Leu-Arg-Lys-R 1 6-Ala-Ala-Aia-Lys-Lys-R22- 



I 

Leu-R 2 4-Asp-Leu-Lys-Lys-Y 



[X-(SEQ ID NO:17)-Y] 



X-R 1 -R 2 -Asp-Ala-Val-R 6 -"nir-R 8 -Asr>-Ri 0 -Thr-Lys- 

[X-(SEQ ID NO:18)-Y] 



I 

Leu-Arg-Lys-RiG-Nle-Ala-Rig-Lys-Lys-Rar 



I 

Leu-R 2 4-Asp-Leu-Lys-Lys-Y 



X-Rt-Re-Asp-Ala-Val-Re-TTir-Rs-AsrvRio-Thr-Lys- 



I — 

Leu-Arg-Lys-Ri6-Nle-Ala-Ala-Lys-Lys-R22- 



[X-(SEQ ID NO:19)-Y] 



Leu-R24-Asp-Leu-Lys-Lys-Y 



X-R ! -R 2 - Asp- Ala-Val-R6-Thr-R8-Asn- R! o-Thr-Lys- 



Leu-Arg-Lys-Gln-Nle-Ala-Ala-Lys-Lys-R2r 



Leu-R 24 -Asp-Leu-Lys-Lys-Y [X-SEQ ID NO:70-Y] 
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X-Rt-Ser-Asp-AIa-VaJ-Re-Thr-Rs-Asn-Rio-Thr-Lys- 



Leu-Ang-Lys-Gln-N!e-Ala-Ala-Lys-Lys-R2r 

I 

Leu-R 2 4-Asp-Leu-Lys-Lys-Y [X-SEQ ID No:71-Y] 



10 



X-Ri-Ala-Asp-Ala-Val-Re-Thr-Re-Asn-RnrThr-Lys- 



Leu-Arg-Lys-Gln-Nla-Ala-Ala-Lys-Lys-R2r 



Leu-R 24 -Asp-Leu-Lys-Lys-Y [X-SEQ ID NO:72-Y] 



20 



X-RrRrAsp-Ala-VaJ-Re-Thr-Re-Asn-RnrThr-Lys- 



25 



I 

Leu-Arg-Lys-Ala-Nle-Ala-Ala-Lys-Lys-R2r 



Leu-R24-Asp-Leu-Lys-Lys-Y 



[X-SEQ ID NO:73-Y] 



30 

wherein X, Y, R 1( R 2 Rg, Rs, Rio, R12 R16 R17, R13, R22. R24, and R27 are as above for Formula V. 

The most preferred cyclic peptide is Ac-[Glu 8 ,Lys 12 , Nle 17 ,Aia 19 ( Asp 25 ,Leu 26 , Lys 27 ' 28 , Gly 29 > 30 ,Thr 31 ]-VIP 
cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:52)-NH 2 ]. 

The peptides of the invention produce sustained relaxation of tracheobronchial smooth muscle without 
35 cardiovascular side effects and, thus, are useful in the treatment of bronchoconstrictive disorders such as 
asthma. 

The present invention relates to novel analogs of vasoactive intestinal peptide (VIP), which have 
enhanced sustainable bronchodilation activity without observable side effects. 

As used herein, the term "lower alkyl" includes straight chain and branched chain saturated aliphatic 
40 hydrocarbon groups containing 1-6 carbon atoms. The preferred lower alkyl group is methyl. 

As used herein, the term "aryl" signifies mono-nuclear aromatic hydrocarbon groups such as phenyl, 
which can be unsubstituted or substituted in one or more positions with lower alkyl, lower alkoxy, amino, 
nitro, mono- or di-lower alkylamino, lower alkyl amido or phenyl amido. "Aryl" also signifies polynuclear aryl 
groups, such as napthyl, which may be substituted with one or more of the aforementioned moieties. The 
45 preferred aryl groups are phenyl, unsubstituted or monosubstituted with fluorine, or unsubstituted naphthyl. 

As used herein X is a substituent on the amino nitrogen of the amino-terminal amino acid, and Y is a 
substituent on the carbonyl group of the carboxy terminal amino acid. X may be hydrogen or a 
hydroxlyzable amino protecting group. Y may be hydroxyl or a hydrolyzable carboxy protecting group. 

With respect to the terms "hydrolyzable amino protecting group" and "hydrolyzable carboxy protecting 
50 group", any conventional protecting groups which can be removed by hydrolysis can be utilized in 
accordance with this invention. Examples of such groups appear hereinafter. Preferred amino protecting 
groups are 
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5 




wherein X3 is lower alkyl or halo lower alkyl. Of these protecting groups, those wherein X3 is C1-3 alkyl or 
halo C1 -3 alkyl are especially preferred. 
70 Preferred carboxy protecting groups are lower alkyl esters, NH 2 and lower alkyl amides, with C1 -3 alkyl 
esters, NH 2 and C1 -3 alkyl amides being especially preferred. 

The present invention comprises novel cyclic peptides of the formula : 

I. 

75 



X-hOs-Ser-Asp-Ala-VaJ-Phe-Thr-Re-Asn-Tyr-Thr-Rt r 

20 

Leu-Arg-Lys-GlrvR ir Ala-Val-Lys-Lys-Tyr. [x-(SEQ ID NO:2)-Y] 

Leu-Asp-Ser-R26-Leu-R28-Y 

25 

wherein Rs is Asp, Glu or Lys; R12 is Arg, Lys, Orn or Asp; R17 is Met or Nle; R26 is He or Val; R28 is Asn 
or Thr; X is hydrogen or a hydrolyzable amino protecting group; Y is hydroxy! or a hydrolyzable carboxy 
protecting group; or pharmaceutical^ acceptable salts thereof. 
30 Preferred are peptides of the formula: 



X-His-Ser-Asp-Ala-Val-Phe-Thr-R 8 -Asn-Tyr-Thr-R 12 - 

35 

Leu-Arg-Lys-Gln-Nle-Ala-Val-Lys-Lys-Tyr- [ x _ ( SEQ ID NO: 3) -Y] 

40 Leu-Asp-Ser-Val-leu-Thr-Y 

wherein X, Y, Rs and R12 are as above for Formula I. 

The present invention also comprises novel cyclic peptides of the formula: 

45 

II. 



so X-His-Ser-Asp-Ala-Val-Phe-Thr-R 8 -Asp-Tyr-Thr-Lys- 

Leu-Arg-Lys-GlrvR ir Ala«Val-Lys-Lys-Tyr- [x-(SEQ ID NO:4)-Y] 

55 

Leu-Asp- Ser-R26-Leu-R28-Y 



11 
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wherein Ra is Asp or Asn; R17 is Met or Nle; Ffee is He or Val; Ffes is Asn or Thr; X is hydrogen or a 
hydrolyzable amino protecting group; Y is hydroxy! or a hydrolyzable carboxy protecting group; or 
pharmaceutical^ acceptable salts thereof. 
Preferred is a peptide of the formula: 

5 



X-His-Ser-Asp-Ala-VaJ-Phe-Thr-Aso-Asp-Tyr-Thr-Lys- 

70 

Leu-Arg-Lys-GlrvN!e-Ala-Val-Lys-Lys-Tyr- [x-(SEQ ID NO:5)-Y] 

Leu-Asp-Ser-Val-Leu-Thr-Y 

75 

wherein X and Y are as above for Formula II. 

The present invention also comprises cyclic novel peptides of the formula: 




25 X-His-Ser-Asp-Ala-Val-Phe-Trir-Asp-Asn-Tyr-Thr-Lys- 
I 

Leu-Ajg-Lys-Glu-RirAla-VaW.ys-Lys-Tyr- [X- (SEQ ID NO:6)-Y] 

30 

Leu-Asp-Sef-R26-Leu-R2r Y 

wherein R17 is Met or Nle; R 2 s is lie or Val; R 2 s is Asn or Thr; X is hydrogen or a hydrolyzable amino 
35 protecting group; Y is hydroxyl or a hydrolyzable carboxy protecting group; or pharmaceutical^ acceptable 
salts thereof. 

Preferred are peptides of the formula: 



40 




X-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr<Lys- 
I 

Leu-Arg-Lys-Glu-Nle-Ala-Val-Lys-Lys-Tyr- [X-(SEQ ID NO:7)-Y] 

45 

Leu-Asp-Ser-Val-Leu-Thr-Y 

50 wherein X and Y are as above for Formula III. 



55 
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The present invention also comprises novel cyclic peptides of the formula: 



IV. 



10 



X-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-R 12 - 



I 

Leu-Arg-Lys-Gln-RirAla-Val-Lys-Lys-Tyr- 



Leu-Asp-Ser-R26-Leu-R 2 8-Y 



[X-(SEQ ID NO:8)-Y] 



75 wherein R12 is Arg or Lys; R17 is Met or Nle; R 2 & is He or Val; R 2 a is Asn or Thr; X is hydrogen or a 
hydroyzable amino protecting group; Y is hydroxyl or a hydrolyzable carboxy protecting group; or 
pharmaceutical^ acceptable salts thereof. 
Preferred are peptides of the formula: 



20 



25 



X-His-Ser-Asp-Ala-VaJ-Phe-Thr-Asp-AsrvTyr-Thr-Lys- 



I 

Leu-Arg-Lys-GIrvNIe-Ala-Val-Lys-Lys-Tyr- 



Leu-Asp-Ser-Val-Leu-Thr-Y 



[X-(SEQ ID NO:9)-Y] 



30 wherein X and Y are as above for Formula IV. 

The present invention also comprises novel cyclic peptides of the formula: 



35 



40 



X-R r R r Asp-AJa-Val-R6-Thr-R 8 -Asn-R 1 o-Thr-R 1 T 



Leu-Arg-Lys-Ri6-RirAla-Ri9-Lys-Lys-R2r 



I 

Leu-R24-Asp-R26-RarR28-Y 



[X-(SEQ ID NO:10)-Y] 



45 wherein R1 is His, N-CH 3 -Ala; Ffe is Ser or Ala; Re is 



50 



Q 

11 
O 



H 



where Q is cyclohexyl lower alkyl or aryl lower alkyl; Rs is Asp, Glu or Ala; R10 is Tyr or Rs; R12 is Arg or 
55 Lys; Ru is Gin or Ala; R17 is Met, Nle or Ala; Rig is Val or Ala; R22 is Tyr or Rs; R24 is Asn or Ala; R26 is 
lie, Val, or Leu; R27 is Leu or Lys; R 2 s is Asn, Thr, or Lys; X is hydrogen or a hydrolyzable amino 
protecting group; Y is hydroxyl, a hydrolyzable carboxy protecting group, or R29-R30-R31-Z; R29 is Gly or 
Ala; R30 is Gly or Ala; R31 is Ala, Met, Cys(Acm), or Thr; Z is hydroxyl or a hydrolyzable carboxy protecting 
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group; or pharmaceutical ly acceptable salts thereof. 
Q is preferably: 



10 



wherein n = 1,2; Xi and X2 independantly equal hydrogen, OH, OCH 3 , F, CI, I, CH 3| CF 3 , N0 2 , NH 2 , N- 
(CH 3 )2, NHCOCH 3 , NHCOCsHs, or C(CH 3 ) 3 . 

More preferably, Q is benzyl, p-fluoro benzyl, p-amino benzyl, p-hydroxy benzyl, o-methyl, 1 -methyl 
75 naphthyl or 2-methyl napthyl. Q is most preferably benzyl. 

Preferred are peptides of the Formulas: 

X-RrRrAsp-Ala-VaJ-Re-TTir-Re-Asn-R^-Thr-R^ 

[X-(SEQ ID N0:11)-Y] 



20 . | "" = 

Leu-Arg-Lys-Ri6-RirAla-Ri9-Lys-Lys-R2r 



Leu-R 2 4-Asp-Val-R 2 rTrir-Y 

25 



30 



35 



40 



45 



50 



55 
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X-Ri-RrA^-Ala-VaJ-RrThr-Re-Asn-RnrThr-R^ 

[X-(SEQ ID NO:12)-Y] 



I 

Leu-Arg-Lys-Ri6-Nle-Ala-Ri9-Lys-Lys-R22- 



Leu-R24-Asp-Val-R 2 rTtir-Y 



X-RrRe-Asp-Aia-Val-Re-Thr-Rs-Asn-R^-Thr-Leu- 

[X-(SEQ ID N0:13)-Y] 



I 

Leu- Arg-Lys-R 1 6 -N le-Ala- Ala-Lys-Lys-R^ 



I 

Leu-R 24 -Asp-Val-R 2r Thr-Y 



X-RrRrAsp-Ala-VaJ-Re-TTir-Rs-Asn-RKrThr-Lys- 



l — 

Leu-Arg-Lys-Ri6-Nte-Ala-Ri9-Lys-Lys-R22- 



l 

Leu-R 24 -Asp-VaJ-R 2r Thr-Y 



[X-(SEQ ID N0:14)-Y] 



X-R r R 2 -Asp-Ala-Val-R6-Ttir-R8-AsrvR 1 crThr-Lys- 



I — 

Leu-Arg-Lys-Rie-Nle-Ala-Ala-Lys-Lys-R^ 



I 

Leu-R 2 4-Asp-Val-R 2 rThr-Y 



[X-(SEQ ID N0:15)-Y] 



X-RrRrAsp-Ala-VahRs-Thr-Re-Asn-Rio-Thr-R^ 

[X-(SEQ ID NO:16)-Y] 



Leu- Arg-Lys-R 1 6- R i r Ala-R 1 9-Lys-Lys-R^ 



I 

Leu-R 24 -Asp-Leu-Lys-Lys-Y 
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X-RrRrAsp-Ala-Val-Re-Thr-Rs-Asn-RKj-Thr-Lys- 

[X-(SEQ ID N0:17)-Y] 



I 

Leu-Arg-Lys-Ri6-Ala-Ala-Ala-Lys-Lys-R2r 



I 

Leu-R24-Asp-Leu*Lys-Lys-Y 



X-RrRrAsp-Ala-Val-RrThr-Ra-Asn-RKrThr-Lys- 

[X-(SEQ ID N0:18)-Y] 



Leu-Arg-Ly$-R 16 -Nle-Ala-R 19- Lys-Lys-R^- 



I 

Leu-R24-Asp-Leu-Lys-Lys-Y 



X-RrRrAsp-Ala-VaKR6-Thr-R8-Asn-R 10 -Thr-Lys- 



I — 

Leu-Arg-Lys-Ri6-Nle-AIa-Ala-Lys-Lys-R2r 



[X-(SEQ ID NO: 19) -Y] 



Leu-R24-Asp-Leu-Lys-Lys-Y 
X-RrR^Asp-AJa-Val-Re-Thr-Rs-AsrvR^-Thr-Lys- 

I 

Leu-Arg-Lys-Gln-Nle-Ala-Ala-Lys-Lys-R2r 



Leu-R 2 4-Asp-Leu-Lys-Lys-Y [X-SEQ ID NO:70-Y] 



X-R r Ser-Asp-Ala-Val'R6-Thr-Ra-Asn-R 10 -Thr-Lys- 



Leu-Arg-Lys-Gln-NIe-Ala-Ala-Lys-Lys-R2r 

I 

Leu-R 24 -Asp-Leu-Lys-Lys-Y [X-SEQ ID NO:71-YJ 
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X- R ! -Ala- Asp- Ala- VaJ- FVThr-Ra- Asn- R , o-Thr-Lys- 

I 1 

Leu-Arg-Lys-Gln-Nle-Ala-Ala-Lys-Lys-R2r 

I 

Leu-RarAsp-leu-Lys-Lys-Y [X-SEQ ID NO:72-Y] 



X-RrRrAsp-Ala-Val-Rs-Thr-Re-Asn-RnrThr-Lys- 

I 1 

^ Leu-Arg-Lys-AJa-Nle-Ala-AJa-Lys-Lys-R2r 
I 

Leu-R 2 4-Asp-Leu-Lys-Lys-Y [X-SEQ ID NO:73-Y] 

20 

wherein X, Y, Ri, R2, Rs, Rs, R10, R12, Ru, R17, R19, R22, R24, and R27 are as above for Formula V. 

The invention is further directed to a process for the preparation of said peptides, to pharmaceutical 
compositions containing such peptides as well as to methods of using such peptides and a non-toxic inert, 
therapeutically acceptable carrier material for treating bronchotracheal constrictive disorders. The said 
25 process for the preparation of the cyclic polypeptides is characterized in that 

(a) a protected and resin bound peptide of corresponding amino acid sequence is selectively deprotec- 
ted to generate a free side chain amino group and a free side chain carboxyl group; 

(b) the free side chain amino group and the free side chain carboxyl group are covalently linked with an 
appropriate amide forming reagent; and 

30 (c) deprotecting and cleaving the cyclized peptide from the resin by treatment with a suitable deprotec- 
tion and cleavage reagent, if desired in the presence of further suitable additives as cation scavengers 
and, if desired, converting the cyclic peptide into a pharmaceutical^ acceptable salt. 
The present invention relates also for the use of the said cyclic peptides for the manufacture of a 
pharmaceutical composition for use in the treatment of bronchotracheal constrictive disorders. 
35 The nomenclature used to define the peptides is that typically used in the art wherein the amino group 
at the N-terminus appears to the left and the carboxyl group at the C-terminus appears to the right. By 
natural amino acids is meant one of the naturally occuring amino acids found in proteins, i.e., Gly, Ala, Val, 
Leu, lie, Ser, Thr, Lys, Arg, Asp, Asn, Glu, Gin, Cys, Met, Phe, Tyr, Pro, Trp, and His. Where the amino acid 
has isomeric forms, it is the L form of the amino acid that is represented unless otherwise expressly 
40 indicated. 

The following abbreviations or symbols are used to represent amino acids in addition to those 
described above, protecting groups, solvents, reagents and the like. 
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Symbol Meaning 

Ac Acetyl 

Orn Ornithine 

Nle Norleucine 

Fmoc 9-Fluorenylmethyloxycarbonyl 

Fm 9-Fluorenylmethyl 

Boc t-Butyloxycarbonyl 

Bom Benzyloxymethyl 

CH2C12 Methylene chloride 
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CH3CN Acetonitrile 

DMF Dimethyl formamide 

DIPEA N,N-Diisopropylethylamine 

TFA Trifluoroacetic acid 

HOBT N-Hydroxybenzotriazole 

DCC N, N 1 -Dicyclohexylcarbodiimide 

10 DIC N f N 1 -Diisopropylcarbodiimide 

BOP Benzotriazol-l-yloxy-tri- 

(dimethylamino) phosphonium 

J5 hexafluorophosphate 



N-Me-Ala 

20 



25 

2-Nal 

30 



p-F-Phe 




FAB-MS Fast atom bombardment mass spectrometry 

Analogs of the native VIP peptide sequence are indicated by setting forth the substituted amino acid in 
45 brackets before "VIP". Derivatization of the N-terminal amino group, i.e. as by X above, is indicated to the 
left of the bracketed substitutions. Sequence numbers appearing in parentheses to the right of "VIP" 
indicate amino acid deletions and additions to the native sequence numbering. That is, for example, Ac- 
[Lys 12 ,Nle l7 ,Gly 29 ]-VIP(1-29)-NH 2 indicates a polypeptide having an amino acid sequence corresponding to 
native human VIP in which an acetyl group has been substituted for hydrogen at the N-terminus, a lysine 
so has been substituted for arginine at position 12 and a norleucine has been substituted for methionine at 
position 17. Additionally, a glycine has been coupled onto the carboxyl site of asparagine 28, termed 
position 29. The suffixes "-OH" and "-NH2 rt following "VIP" or the parentheses refer to the free acid and 
amide forms of the polypeptide, respectively. In the event neither suffix is used, the expression is intended 
to encompass both forms. 

55 As stated above, a cyclic peptide, as defined herein, is a peptide wherein the side chain carboxy 
terminus of one amino acid in the peptide is attached covalently to the side chain amino terminus of 
another amino acid in the peptide chain via formation of an amide bond. Several nomenclatures and 
symbols are utilized to represent a cyclic peptide. The following are examples: 
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Ac-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-TTir-Lys- 

Leu-Arg-Lys-G!n-N!e-Ala-VaKys-Lys-Tyr- 

Leu-Asp-Ser-Val-Leu-Thr-Nhfe 



[Ac-(SEQ ID N0:20)-NH 2 ] 

Ac-tLys^.Nle^.VaP.Thr^J-VIP cyclo (8-12) b. [Ac-(SEQ ID NO:20)-NH2] 
Ac-ILys^.Nle^yaP.Thr^l-VIP cyclo (Asp 8 -Lys 12 ) c. [Ac-(SEQ ID NO:20)-NH 2 ] 
The above three structures (a - c), and the accompanying representation using the SEQ ID NO: and the 
Sequence Listing below, each represent and define the same polypeptide having an amino acid sequence 
corresponding to native human VIP in which an acetyl group has been substituted for hydrogen at the N- 
terminus, a lysine has been substituted for arginine at position 12, a norleucine has been substituted for 
methionine at position 17, a valine has been substituted for isoleucine at position 26, and a threonine has 
been substituted at position 28 for asparagine. Additionally, an amide bond has been formed between the 
side chain carboxyl of the aspartic acid at position 8 and the side chain amine of lysine at position 12, thus 
forming the cyclic peptide analog. The above representations for the peptide structure are considered to be 
equivalent and interchangeable. 

As used herein, the terms "R n " for an amino acid at position n in one of the structures shown herein 
and "Xaa" for an amino acid at position n in the corresponding sequence in the Sequence Listing below are 
equivalent and interchangeable in those instances where Xaa represents a selection from among two or 
more amino acids. 

In the cyclic peptides of the present invention, the following configurations apply unless otherwise 
stated. 



Amino Acid in chain 


Terminus of amino acid bound to make cyclic peptide 


Lys 


€ amino (e = epsilon) 


Orn 


5 amino (6 = delta) 


Asp 


0 carboxyl (0 = beta) 


Glu 


7 carboxyl (7 = gamma) 



Representative compounds of the present invention include peptides having the following amino acid 
sequences: 

Ac-lLys^.Nle^.Val^.Thr^J-ViP cyclo (Asp 8 -*Lys 12 ) [Ac-(SEQ ID NO:20)-NH 2 ] 
Ac-[Glu 8 ,Lys 12 ,Nle l7 ,Val 26 ,Thr 28 ]-VIP cyclo (Glu 8 -Lys 12 ) [Ac-(SEQ ID NO:21)-NH 2 ] 
Ac-[Asn 8 ,Asp 9 ,Lys 12 ,Nle 17 ,Val 26 ,Thr 28 ]-VIP cyclo (Asp 9 -Lys 12 ) [Ac-(SEQ ID NO:22)-NH 2 ] 
Ac-[Orn 12 ,Nle 17 ,Val 26 ,Thr 28 ]-VIP cyclo (Asp 8 -Orn 12 ) [Ac-(SEQ ID NO:23)-NH 2 ] 
Ac-[Lys 8 ,Asp 12 ,Nle 17 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys 8 -Asp 12 ) [Ac-(SEQ ID NO:24)-NH 2 ] 
Ac-IGIuS.Orn^.Nle^.Val^.Thr^J-VIP cyclo (Glu 8 -Orn 12 ) [Ac-(SEQ ID NO:25)-NH 2 ] 
Ac-ILys^.Glu^.Nle^.Val^.Thr^J-VIP cyclo (Lys 12 -Glu 1s ) [Ac-(SEQ ID NO:26)-NH 2 ] 
Ac-[Lys l2 ,Nle 17 ,Asp 24 ,Val 26 ,Thr 2a ]-VIP cyclo (Lys^-Asp 2 *) [Ac-(SEQ ID NO:27)-NH 2 ] 
Ac-[Lys 12 ,Nle 17 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:28)-NH 2 ] 
Ac-[Lys 12 ,Nle 17 ,AIa 19 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:29)-NH 2 ] 

Ac-[p-F-Phe 6 > 2-Nal 10 > Lys 12 ,Nle 17 ,Asp 25 ,Val 26 , Thr^.Gly^Met^J-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
NO:30)-NH 2 ] 

Ac-[Glu 8 ,Orn 12 ,Nle 17 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:31)-NH 2 ] 

Ac-[p-F-Phe 6 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 2S ,Thr 28 , Gly 29 ' 30 ,Cys(Acm) 31 ]-VIP cyclo (Lys 21 -Asp 25 ) 
[Ac-(SEQ ID NO:32)-NH 2 ] 

Ac-[Ala 2 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys 21 -* Asp 25 ) 
[Ac-(SEQ ID NO:33)-NH 2 ] 
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Ac-[N-Me-Ala 1 ,Lys 12 ,Nle 17 .Ala 19 .Asp 25 .Val 26 .Thr 28 ]-VIP cyclo-fLys^-Asp 25 ) 
[Ac-(SEQ ID NO:34)-NH2] 

Ac-[2-Nal 10 ,Leu l2 ,Nle 17 .Ala 19 .Asp 25 .Val 26 .Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:35)-NH2] 

Ac-[0-CH 3 -Tyr 10 ,Leu 12 ,Nle 17 .Ala 19 .Asp 25 .Val 25 .Thr 28 J-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:36)-NH2] 

Ac-[p-F-Phe 6 .p-NH2-Phe 10 .Leu 12 .NIe 17 .AIa 19 .Asp 25 ,Val 26 , Thr^-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:37)-NH2] 

Ac-(Lys 12 .NIe 17 .AIa 19 .Asp 25 ,Leu 26 .Lys 27 - 28 ]-VlP cyclo (Lys 21 -*Asp 25 ) 
[Ac-(SEQ ID NO:38)-NH 2 ] 

Ac-[N-Me-Ala 1 .Lys 12 .Nl8 17 .Ala 19 .Asp 25 .Leu 25 ,Lys 27 ' 28 ]-VIP cyclo (Lys^Asp 25 ) 
[Ac-(SEQ ID NO:39)-NH2] 

Ac-[Glu 8 .Lys 12 ,Nle 17 .Ala 19 .Asp 25 .Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:40)-NH 2 ] 

Ac-[0-Me-Tyr 10 ,Lys 12 ,Nle 17 ,Ala 19 .Asp 25 .Val 26 .Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) 
[Ac-(SEQ ID NO:41)-NH2] 

Ac-[Glu 8 .Lys 12 .NIe 17 .Ala 19 .Asp 25 .Leu 26 .Lys 27 ' 28 ,Ala 29 " 31 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:42)-NH2] 

Ac-[Ala 2 .GIu 8 .Lys 12 ,Nle 17 ,Ala 19 .Asp 25 .Leu 26 ,Lys 27 - 28 , Ala 29 " 31 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:43)-NH 2 ] 

Ac-[N-Me-Ala 1 ,Glu 8 .Lys 12 ,Nle 17 .Ala 19 .Asp 25 .Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:44)-NH 2 ] 

Ac-[p-F-Phe 6 .Glu 8 ,Lys 12 .NIe 17 .Ala 19 .Asp 25 .Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:45)-NH 2 ] 

Ac-[1 -Nal s ,Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 .Asp 25 .Leu 26 ,Lys 27 - 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:46)-NH 2 ] 

Ac-[Glu 8 .p-NH 2 -Phe 10 .Lys 12 ,Nle 17 > Ala 19 ,Asp 25 .Leu 2S , Lys 2728 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:47)-NH 2 ] 

Ac-[Glu 8 .O-CH 3 -Tyr 10 ,Lys 12 .NIe 17 .AIa 19 ,Asp 25 ,Leu 26 . Lys 27 ' 28 ]-VlP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:48)-NH 2 ] 

Ac-[p-F-Phe 6 ,Lys 12 ,Nle 17 .Ala 19 .Asp 25 .Val 26 .Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) 
[Ac-(SEQ ID NO:49)-NH 2 ] 

Ac-[1 -Nal 6 ,Lys 12 .NIe 17 .Ala 19 .Asp 25 .Val 26 .Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) 
[Ac-(SEQ ID NO:50)-NH 2 ] 

Ac-[Ala 2 .GIu 8 ,Lys 12 ,Nle 17 .AIa 19 .Asp 25 .Leu 26 .Lys 27 ' 28 . Gly 29 - 30 ,Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:51)-NH 2 ] 

Ac-[Glu 8 .Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 , Gly 29 ' 30 ,Thr 31 J-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:52)-NH 2 ] 

Ac-[Ala 2 .GIu 8 ,Lys 12 ,Nle 17 .Ala 19 .Asp 25 .Leu 26 ,Lys 27 - 28 ]-VIP cyclo (Lys^Asp 25 ) 
[Ac-(SEQ ID NO:53)-NH 2 ] 

Ac-[p-NH 2 -Phe 10 .Lys 12 ,Nle 17 ,Ala 19 .Asp 25 .Val 26 .Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:54)-NH 2 ] 

Ac-[Lys 12 .NIe 17 ,Ala 19 ,m-OCH 3 -Tyr^.Asp 25 ,Val 26 .Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:55)-NH 2 ] 

Ac-[Lys 12 .NIe 17 .Ala 19 ,m-F-L-Tyr 22 ,Asp 25 .Va! 26 .Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:56)-NH 2 ] 

Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 .m-OCH 3 -Tyr 22 .Asp 25 ,Leu 26 > Lys 2728 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:57)-NH 2 ] 

Ac-tGI^.Lys^.Nle^.Ala^.m-F-L-Tyr^.Asp^.Leu 26 , Lys 2728 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:58)-NH 2 ] 

Ac-[Ala 8 .Lys 12 ,Nle 17 .Ala 19 ,Ala 2 * .Asp 25 .Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:59)-NH 2 ] 

Ac-[Glu 8 .Lys 12 .AIa 16 ' 17l19 .Asp 25 l Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:60)-NH 2 ] 

Ac-[Ala 8 .Lys 12 ,Ala 16 .NIe 17 .AIa 19 .AIa 2 *.Asp 25 ,Leu 26 ,Lys 27 « 28 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:61)-NH 2 ] 

Ac-[Ala 8 , Lys 12 .AIa 16 - 17 ' 19 ,Ala 24 , Asp 25 , Leu 26 . Lys 27 - 28 ]-VIP cyclo (Lys 21 -Asp 25 ) 
[Ac-(SEQ ID NO:62)-NH 2 ] 



21 



EP 0 536 741 B1 



Ac-[Glu 8 .Lys^Ala 16 ,Nle 17 ,Ala 19 .Asp 25 .Leu 25 ,Lys 2728 ]-VIP cyclo (Lys^Asp 25 ) 
[Ac-(SEQ ID NO:63)-NH 2 ] 

Ac-[Glu 8 ,Lys 12 ,Ala 16 ' 17 * 19 ,Ala 24 .Asp 25 .Leu 26 ,Lys 2728 ]-VIP cyclo (Lys 21 -Asp 25 ) 
[Ac-(SEQ ID NO:64)-NH 2 ] 

Ac-[Glu^Lys 12 .NIe ,7 .AIa , ^Asp 25 ,Val 26 .Thr 28 .GIy 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:65)-NH 2 ] 

Ac-[p-F-Ph6 6 .GIu 8 .Lys 12 l Nle 17 .Asp 25 ,Val 26 .Thr 28 . Gly 29 - 30 ,Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:66)-NH 2 ] 

Ac-[Ala 2 .GIu 8 .Lys l2 .NIe 17 .Asp 25 .Leu 26 .Lys 27 ' 28 . Gly 29 ' 30 .Thr 31 hVIP cyclo (Lys^Asp 25 ) 
[Ac-(SEQ ID NO:67)-NH 2 ] 

Ac-[Glu 8 .Lys 12 .N!e 17 .Asp 25 .Leu 25 .Lys^.Gly^.Th^^-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:68)-NH 2 ] 

Ac-[Lys 12 ,Nle 17 ,Ala 19 .Asp 25 .Leu 26 ,Lys 27 - 28 ,Ala 29 - 31 ]-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID NO:69)-NH 2 ] 

The compounds of the present invention may be readily synthesized by any known conventional 
procedure for the formation of a peptide linkage between amino acids. Such conventional procedures 
include, for example, any solution phase procedure permitting a condensation between the free alpha amino 
group of an amino acid or residue thereof having its carboxyl group or other reactive groups protected and 
the free primary carboxyl group of another amino acid or residue thereof having its amino group or other 
reactive groups protected. 

The process for synthesizing the compounds of the present invention may be carried out by a 
procedure whereby each amino acid in the desired sequence is added one at a time in succession to 
another amino acid or residue thereof or by a procedure whereby peptide fragments with the desired amino 
acid sequence are first synthesized conventionally and then condensed to provide the desired peptide. 

Such conventional procedures for synthesizing the novel compounds of the present invention include 
for example any solid phase peptide synthesis method. In such a method, the synthesis of the novel 
compounds can be carried out by sequentially incorporating the desired amino acid residues one at a time 
into the growing peptide chain according to the general principles of solid phase methods [Merrifield, R. B., 
J. Amer. Chem. Soc. 85, 2149-2154 (1963); Barany et a/.. The Peptides, Analysis, Synthesis and Biology, 
Vol. 2. Gross, E. and Meienhofer, J., Eds. Academic Press 1-284 (1980)]. 

Common to chemical syntheses of peptides is the protection of reactive side chain groups of the 
various amino acid moieties with suitable protecting groups which will prevent a chemical reaction from 
occuring at that site until the protecting group is ultimately removed. Usually also common is the protection 
of the alpha amino group on an amino acid or fragment while that entity reacts at the carboxyl group, 
followed by the selective removal of the alpha amino protecting group to allow a subsequent reaction to 
take place at that site. While specific protecting groups have been disclosed in regard to the solid phase 
synthesis method, it should be noted that each amino acid can be protected by an protective group 
conventionally used for the respective amino acid in solution phase synthesis. 

Alpha amino groups may be protected by a suitable protecting group selected from aromatic urethane- 
type protecting groups, such as benzyloxycarbonyl (Z) and substituted benzyloxycarbonyl, such as p- 
chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, p-biphenyl-isopropylox- 
ycarbonyl, 9-fluorenylmethyl-oxycarbonyl (Fmoc) and p-methoxybenzyloxy-carbonyl (Moz); aliphatic 
urethane-type protecting groups, such as t-butyloxycarbonyl (Boc), diisopropylmethyloxy-carbonyl, 
isopropyloxycarbonyl, and allyloxycarbonyl. Boc is most preferred for alpha amino protection. 

Carboxyl groups may be protected by a suitable protecting group selected from aromatic esters such 
as benzyl (OBzl) or benzyl substituted with lower alkyl, halo, nitro, thio, or substituted thio, i.e., lower alkyl 
(1-7 carbon atoms)thio; aliphatic esters such as lower alkyl, t-butyl (Ot-Bu), cyclopentyl, cyclohexyl (OcHx), 
cycloheptyl, and 9-fluorenylmethyl (OFm). OBzl and OFm are most preferred for glutamic acid (Glu). OChx, 
OBzl and OFm are most preferred for aspartic acid (Asp). 

Hydroxyl groups may be protected by a suitable protecting group selected from ethers such as benzyl 
(Bzl) or benzyl substituted with lower alkyl, halo, such as 2,6-dichlorobenzyl (DCB). nitro, or methoxy; t-butyl 
(t-Bu), tetrahydropyranyl, and triphenylmethyl (trityl). Bzl is most preferred for serine (Ser) and threonine 
(Thr). Bzl and DCB are most preferred for tyrosine (Tyr). 

Side chain amino groups may be protected by a suitable protecting group selected from aromatic 
urethane-type protecting groups such as benzyloxycarbonyl (Z) and substituted benzyloxycarbonyl, such as 
p-chlorobenzyloxycarbonyl, 2-chlorobenzyloxycarbonyl (2-Cl-Z), p-nitrobenzyloxycarbonyl. p-bromoben- 
zyloxycarbonyl, p-biphenylisopropyl-oxycarbonyl, 9-fluorenylmethyloxycarbonyl (Fmoc) and p-methoxy-ben- 
zyloxycarbonyl (Moz); aliphatic urethane-type protecting groups, such as t-butyloxycarbonyl (Boc), 
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diisopropylmethyloxycarbonyl, isopropyloxycarbonyl, and allyloxycarbonyl. Z is most preferred for ornithine 
(Orn). 2-CI-Z and Fmoc are most preferred for lysine (Lys). 

Guanidino groups may be protected by a suitable protecting group selected from nitro, p-toluenesul- 
fonyl (Tos), Z, adamantyloxycarbonyl, and Boc. Tos is most preferred for arginine (Arg). 
5 Side chain amide groups may be protected by xanthyl (Xan). No protection is preferred for asparagine 
(Asn) and glutamine (Gin). 

Imidazole groups may be protected by a suitable protecting group selected from p-toluenesulfonyl 
(Tos), 9-fluorenylmethyloxycarbonyl (Fmoc), triphenylmethyl (trityl), 2,4-dinitrophenyl (Dnp), Boc and ben- 
zyloxymethyl (Bom). Tos and Bom are most preferred for histidine (His). 

10 Unless otherwise specified, percentages given below for solids in solid mixtures, liquids in liquids, and 
solids in liquids are on a wt/wt, vol/vol and wt/vol basis, respectively. Furthermore, unless otherwise 
specified, the suppliers of reagents and instruments mentioned below are not meant to be mandatory. The 
skilled person is in a position to select similar reagents or instruments from other suppliers. 

All solvents, isopropanol (iPrOH), methylene chloride (CH 2 CI 2 ), and dimethylformamide (DMF) were 

75 purchased from Fisher or Burdick & Jackson and were used without additional distillation. Trifluoroacetic 
acid was purchased from Halocarbon and used without further purification. Diisopropylethylamine (DIPEA) 
was purchased from Pfaltz and Bauer and distilled from CaO and ninhydrin prior to use. Dicyclohexylcar- 
bodiimide (DCC) and diisopropylcarbodiimide (DIC) were purchased from Fluka and used without further 
purification. Hydroxybenzotriazole (HOBT) and 1 ,2-ethanedithiol (EDT) were purchased from Sigma Chemi- 

20 cal Co. and used without further purification. Protected amino acids were generally of the L configuration 
and were obtained commercially from Chemical Dynamics Corp. or Bachem. Purity of these reagents were 
confirmed by thin layer chromatography, NMR and melting point prior to use. Boc-O-Me-Tyr, Boc-2-Nal, 
and Boc-p-F-Phe were prepared as reported. [Bolin, D.R., U.S. Pat. Appl. No. 374,503]. Boc-Asp(OFm) and 
Boc-Glu(OFm) were prepared as reported. [Bolin, D. R., et ai, Org. Prep. Proc. Int., 21, 67-74 (1989)]. 

25 Benzhydrylamine resin (BHA) was a copolymer of styrene - 1% divinylbenzene (100-200 or 200-400 mesh) 
obtained from Biomega, Bachem, Omni or Advanced Chemtech. Total nitrogen content of these resins were 
generally between 0.3 - 1.2 meq/g. 

Thin layer chromatography (TLC) was performed on glass backed precoated silica gel 60 F254 plates 
(Merck) using appropriate solvent systems. Detection of compounds was performed by UV fluorescence 

30 quenching (254 nm absorption), iodine staining, or ninhydrin spray (for primary and secondary amines). 

For amino acid composition analyses, peptides were hydrolyzed in 6N HCI, containing 1 - 4 mg of 
phenol, at 115° C for 22 - 24 hours in sealed, evacuated hydrolysis tubes. Analyses were performed on 
either a Beckman 121M amino acid analyzer or a Waters HPLC-based amino acid analysis system using 
either a Waters Cat Ex resin or a Pierce AA51 1 column and ninhydrin detection. 

35 High performance liquid chromatography (HPLC) was conducted on an LDC apparatus consisting of 
Constametric I and III pumps, a Gradient Master solvent programmer and mixer, and a Spectromonitor III 
variable wavelength UV detector. Analytical HPLC was performed in reversed phase mode using Waters 
uBondapak Cia columns (0.4 x 30 cm). Preparative HPLC separations were run on Whatman Magnum 20 
partisil 10 ODS-3 columns (2 x 25 cm or 2 x 50 cm) equipped with a Waters Guard-Pak Cis precolumn. Gel 

40 chromatography was performed using a 2 x 85 cm column, an LKB varioperpex peristaltic pump, and an 
IBM variable wavelength UV detector. 

Peptides were preferably prepared using solid phase synthesis by the method generally described by 
Merrifield, [J. Amer. Chem. Soc, 85, 2149 (1963)], although other equivalent chemical synthesis known in 
the art could be used as previously mentioned. Solid phase synthesis is commenced from the C-terminal 

45 end of the peptide by coupling a protected alpha-amino acid to a suitable resin. Such a starting material 
can be prepared by attaching an alpha-amino-protected amino acid by an ester linkage to a chloromethylat- 
ed resin or a hydroxymethyl resin, or by an amide bond to a benzhydrylamine (BHA) or para-methylbenz- 
hydrylamine (MBHA) resin. Preparation of the hydroxymethyl resin is well known in the art. Chloromethylat- 
ed resins are commercially available and the preparation is also well known in the art. BHA and MBHA resin 

so supports are commercially available and generally used when the desired peptide being synthesized has an 
unsubstituted amide at the C-terminus. 

In general, the first amino acid to be coupled onto the BHA resin was added as the Boc-amino acid 
symmetrical anhydride, using 2-10 equivalents of activated amino acid per resin nitrogen equivalent. After 
coupling, the resin was washed and dried under vacuum. Loading of the amino acid onto the resin may be 

55 determined by amino acid analysis of an aliquot of Boc-amino acid resin. Loadings generally ranged from 
0.2 to 0.4 mmol/g resin. Any unreacted amino groups, may be capped by reacting the resin with acetic 
anhydride and diispropylethylamine in methylene chloride. 
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Following addition of the Boc-amino acid, the resins were carried through several repetitive cycles to 
add amino acids sequentially. The alpha amino Boc protection was removed under acidic conditions. 
Trifluoroacetic acid (TFA) in methylene chloride, HCI in dioxane or formic acid/acetic acid mixtures may be 
used for this purpose. Preferably 50% TFA in methylene chloride (v/v) is utilized. This may also contain 1-5 

5 % by volume of EDT or dimethylsulfide as a scavenger for t-butyl carbonium ions. Other standard cleavage 
reagents as known in the art may also be used. 

Following the removal of the alpha amino protecting group, the subsequent protected amino acids are 
coupled stepwise in the desired order to obtain an intermediate, protected peptide-resin. The activating 
reagents used for coupling of the amino acids in the solid phase synthesis of the peptides are well known in 

10 the art. For example, appropriate reagents for such syntheses are benzotriazol-l-yloxy-tri-(dimethylamino)- 
phosphonium hexafluorophosphate (BOP), dicyclohexylcarbodiimide (DCC), and diisopropylcarbodiimide 
(DIC). Preferred here are DCC and DIC. Other activating agents are described by Barany and Merrifield [in 
The Peptides, Vol. 2, J. Meienhofer, ed., Academic Press, 1979, pp 1-284] may be utilized. Various 
reagents such as 1 -hydroxybenzotriazole (HOBT), N-hydroxysuccinimide (HOSu) and 3,4-dihydro-3- 

75 hydroxy-4-oxo-1,2,3-benzotriazine (HOOBT) may be added to the coupling mixtures in order to optimize the 
synthetic cycles. Preferred here is HOBT. 

The protocol for a typical synthetic cycle was as follows: 



25 



30 



35 



Protocol 1 


Step 


Reagent 


Time 


1 


CH2 CI2 


2 x 30 sec 


2 


50% TFA/CH2CI2 


1 min 


3 


50% TFA/CH2CI2 


15 min 


4 


CH2CI2 


2 x 30 sec 


5 


iPrOH 


2 x 30 sec 


6 


CH2CI2 


4 x 30 sec 


7 


6% DIPEA/CH2CI2 


3x2 min 


8 


CH2 CI2 


3 x 30 sec 


9 


coupling 


10 min - 18 hours 


10 


CH2CI2 


2 x 30 sec 


11 


iPrOH 


1 x 30 sec 


12 


CH2CI2 


1 x 30 sec 


13 


DMF 


2 x 30 sec 


14 


CH2CI2 


3 x 30 sec 



Solvents for ail washings and couplings were measured to volumes of 10 - 40 ml/g resin. Couplings 
were performed using either the preformed symmetrical anhydrides of the Boc-amino acids or as the O-acyl 

40 isourea derivatives. Generally, 2-10 equivalents of activated Boc-amino acid was added per equivalent of 
amine resin using methylene chloride as solvent. Boc-Arg(Tos), Boc-GIn, Boc-Asn, Boc-His(Tos), and Boc- 
His(Bom) were coupled in 20-25% DMF/CH 2 CI 2 . Boc-Asn, Boc-GIn, and Boc-His(Bom) were coupled as 
their HOBT active esters in order to minimize known side reactions. 

The peptides were cyclized generally using methods wellknown in the art in the following manner. At 

45 the amino acid sites within the peptide where the side chains are to be linked, different protecting groups 
were utilized. For the amino site amino acids, Lys and Orn, the N*- and N*-Fmoc derivatives were 
incorporated into the peptide chain. For the carboxyl site amino acids, Asp and Glu, the O*- and 0 Y -Fm 
derivatives were incorporated. The peptide, while still attached to the resin, was treated with 20-40% 
piperidine in DMF to remove, selectively, the Fmoc and Fm protecting groups. The free side chain amino 

50 and carboxyl groups were then linked covalently within the molecule by treatment with an appropriate 
amide forming reagent such as diphenylphosphoryl azide (DPPA), DCC, DIC or BOP. Preferred here are 
DCC and BOP. 

The protocol for a typical cyclization process was as follows: 

55 
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5 



10 



15 



20 



Protocol 2 


Step 


Reagent 


Time 


1 


DMF 


1 x 30 sec 


2 


20-40% piperidine/DMF 


1 min 


3 


DMF 


1 x 30 sec 


4 


20-40% piperidine/DMF 


20 min 


5 


iPrOH 


1 x 30 sec 


6 


DMF 


1 x 30 sec 


7 


iPrOH 


2 x 30 sec 


8 


DMF 


2 x 30 sec 


9 


6% DIPEA/CH 2 CI 2 


2x2 min 


10 


CH2CI2 


1 x 30 sec 


11 


DMF 


1 x 30 sec 


12 


coupling 


1 - 24 hours 


13 


iPrOH 


1 x 30 sec 


14 


CH2CI2 


1 x 30 sec 


15 


DMF 


2 x 30 sec 


16 


CH2CI2 


3 x 30 sec 



Coupling reactions throughout the synthesis were monitored by the Kaiser ninhydrin test to determine 
extent of completion [Kaiser et at., Anal. Biochem., 34, 595-598 (1970)]. Slow reaction kinetics were 
observed for Boc-Arg(Tos), Boc-Asn, and Boc-Gln. Any incomplete coupling reactions were either recoupled 

25 with freshly prepared activated amino acid or capped by treating the peptide resin with acetic anhydride as 
described above. The fully assembled peptide-resins were dried in vacuo for several hours. 

For each compound, the blocking groups were removed and the peptide cleaved from the resin by the 
following procedure. Generally, the peptide-resins were treated with 25-100 uL ethanedithiol, 1 ml_ anisole, 
and 9 mL liquid hydrogen fluoride, per gram of resin, at 0° C for 45 - 60 min, in a Teflon HF apparatus 

30 (Peninsula). Alternatively, a modified two step cleavage procedure [Tarn et al., Tetrahedron Letters, 23, 
2939-2940 (1982)] could be used wherein the peptide-resin was treated with 3 mL dimethyl sulfide and 1 
mL hydrogen fluoride for 2 hours at 0* C and evaporated prior to the 90% HF treatment. Volatile reagents 
were then removed under vacuum at ice bath temperature. The residue was washed with two or three 20 
mL volumes each of Et2 0 and EtOAc and filtered. The peptides were extracted from the resin by washing 

35 with three or four 20 mL volumes of 10% AcOH and filtered. The combined aqueous filtrates were 
lyophilized to yield the crude product. 

The crude peptides were initially purified by gel chromatography on Sephadex G-25 fine media in order 
to separate monomeric from oligomeric materials. The peptides were dissolved in a minimal volume of 10% 
AcOH and applied to the gel column. The column was eluted with 10% AcOH at a flow rate of 0.5 - 1.5 

40 mL/min. The effluent was monitored at 254 nm and the fractions containing the desired band were pooled 
and lyophilized to yield semi-purified products. 

Purification of the semi-purified peptides were generally carried out by preparative HPLC. The peptides 
were applied to the columns in a minimum volume of either 1% AcOH or 0.1% TFA. Gradient elution was 
generally started at 10% B buffer, 10-25% B in 10 minutes, and 25 - 35% B in 3 hours (buffer A: 0.1% 

45 TFA/H2O, buffer B: 0.1% TFA/CH3CN) at a flow rate of 8.0 mL/min. UV detection was made at 220 nm. 
Fractions were collected at 1.5 - 2.5 minute intervals and inspected by analytical HPLC. Fractions judged to 
be of high purity were pooled and lyophilized. 

Purity of the final products were checked by analytical HPLC on a reversed phase column as stated 
above. Generally, a gradient elution of 20 - 40 % B (buffer A: 0.022% TFA/H 2 0, buffer B: 0.022% 

50 TFA/CH3CN) in 15 minutes at 2.0 mL/min. UV detection was at 210 nm. Purity of all products was judged to 
be approximately 97 - 99%. Amino acid analyses of the individual peptides were performed and the values 
obtained were within acceptable limits. In general, all final products were also subjected to fast atom 
bombardment mass spectrometry (FAB-MS). All products yielded the expected parent M + H ions within 
acceptable limits. 

55 The novel compounds of the present invention have valuable pharmacological properties. They have 
tracheal relaxant activity, and they are potent bronchodilators. The compounds also have no cardivascular 
side effects. The bronchodilation produced by these novel peptides can be sustained for greater than two 
hours. Thus, being highly active bronchodilators, the compounds are valuable pharmaceutical agents for 
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treatment of bronchoconstrictive disorders, e.g., asthma. 

The novel compounds of formulas I - V may be combined with various typical pharmaceutical carriers, 
preferably a non-toxic, inert, therapeutically acceptable carrier material, to provide compositions suitable for 
use in the treatment of bronchoconstrictive disorders such as asthma. The dosage of these compounds in 
5 the galenical administration form is dependant upon various factors such as the particular compound 
employed and the particular formulation. An effective dosage can be determined by one of ordinary skill in 
the art from the effective concentration (EC50) disclosed herein. Typical dosages in humans would be 0.01- 
100 ug/kg. For compounds having a low ED50, such as 0.1 ug, typical dosages in humans would be from 
about 0.02 - 20 u,g/kg. 

70 Novel compounds of formulas I - V form pharmaceutical^ acceptable acid addition salts with a variety 
of inorganic and organic acids such as sulfuric, phosphoric, hydrochloric, hydrobromic, hydroiodic, nitric, 
sulfamic, citric, tactic, pyruvic, oxalic, maleic, succinic, tartaric, cinnamic, acetic, trifluoroacetic, benzoic, 
salicylic, gluconic, ascorbic, and related acids. 

The instant compounds may be administered to a patient by parenteral application either intravenously, 
75 subcutaneously, intramuscularly, orally, or intranasally. A preferred route for parenteral administration is by 
aerosol via oral or intranasal administration. 

The present invention is further illustrated by the examples which follow. 

EXAMPLE 1 

20 

Preparation of Boc-Thr(Bzl)-BHA Resin 

Benzhydrylamine copolystyrene-1 % divinylbenzene cross-linked resin (9.5 g, 3.6 mequiv, 200-400 
ASTM mesh, Vega Biochem) was swelled in 100 ml_ methylene chloride, filtered and washed using steps. 7 

25 - 8 of protocol 1. Boc-Thr(Bzl) (3.35 g, 10.8 mmole) and dicyclohexylcarbodiimide (1.12 g, 5.42 mmol) were 
reacted in 50 mL CH2CI2 for 1 hour, filtered and added in 50 mL CH2CI2 to the swelled resin. This mixture 
was shaken for 18 hours at room temperature. DIPEA (630 mL, 3.6 mmol) was added and then shaken for 
an additional 1 hour, filtered and then steps 10 - 14 of protocol 1 were performed. Kaiser ninhydrin analysis 
was negative. Any unreacted amine groups were capped by treating the resin with 1 mL acetic anhydride 

30 and 1 mL DIPEA in 50 mL methylene chloride for 30 minutes, filtered and washed with steps 13 - 14 of 
protocol 1. The resin was dried under vacuum overnight to yield 9.8 g of Boc-Thr(Bzl)-BHA resin. A portion 
of this resin was subjected to amino acid analysis which indicated a loading of 0.17 mmol Thr/g. 

EXAMPLE 2 

35 

Preparation of Ac-ILys^.Nle^.Val^.Thr^J-VIP cyclo (Asp 8 -Lys 12 ) [Ac-(SEQ ID No:20)-NH 2 ] 

The Boc-Thr(Bzl)-BHA resin (9.8 g, 1 .7 mmol) from Example 1 was subjected to solid phase synthesis 
using protocol 1 above. All couplings were performed using preformed symmetrical anhydrides prepared 

40 from Boc-amino acid and dicyclohexylcarbodiimide. Boc-asparagine, Boc-glutamine, and Boc-histidine- 
(benzyloxymethyl) were coupled as the respective HOBT active esters. Reaction times were generally 1 - 
18 hours for completion of the coupling step. Five coupling cycles were performed of one cycle each with 
Boc-Leu (1.5 g, 6.0 mmol), Boc-Val (1.3 g, 6.0 mmol), Boc-Ser(Bzl) (1.8 g, 6.0 mmol), Boc-Asn (773 mg, 3.3 
mmol), and Boc-Leu (1.5 g, 6.0 mmol). The resin was dried under vacuum to give 12.2 g of Boc- 

45 hexapeptide resin. 

A 8.2 g (1.13 mmol) portion of this resin was coupled with six cycles of one cycle each with Boc-Tyr- 
(2,6-DCB) (1.77 g, 4.0 mmol), Boc-Lys(2-CI-Z) (1.67 g, 4.0 mmol), Boc-Lys(2-CI-Z) (1.67 g, 4.0 mmol), Boc- 
Val (876 mg, 4.0 mmol), Boc-Ala (762 mg, 4.0 mmol), and Boc-Nle (932 mg, 4.0 mmol) to give 10.2 g of 
Boc-dodecapeptide resin. 

50 A 1.26 g (0.139 mmol) portion of this resin was carried through two coupling cycles of one cycle each 
with Boc-GIn (205 mg, 0.93 mmol) and Boc-Lys(2-CI-Z) (627 mg, 1 .5 mmol). One half of this resin (0.069 
mmol) was carried through fourteen coupling cycles of one cycle each with Boc-Arg(Tos) (324 mg, 0.76 
mmol), Boc-Leu (188 mg, 0.76 mmol), Boc-Lys(Fmoc) (354 mg, 0.76 mmol), Boc-Thr(Bzl) (234 mg, 0.76 
mmol), Boc-Tyr(2,6-DCB) (333 mg, 0.76 mmol), Boc-Asn (97 mg, 0.76 mmol), Boc-Asp(OFm) (311 mg, 0.76 

55 mmol), Boc-Thr(Bzi) (234 mg, 0.76 mmol), Boc-Phe (201 mg, 0.76 mmol), Boc-Val (164 mg, 0.76 mmol), 
Boc-Ala (143 mg, 0.76 mmol), Boc-Asp(OcHx) (238 mg, 0.76 mmol), Boc-Ser(Bzl) (223 mg, 0.76 mmol), and 
Boc-His(Bom) (156 mg, 0.41 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and 
treated with 1.0 mL acetic anhydride and 66 mL DIPEA ( 0.38 mmol) in 20 mL methylene chloride for 30 
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minutes. The resin was washed using steps 10-14. 

The resin was then selectively deblocked by treating with steps 1 - 1 1 of protocol 2 and reacted seven 
times with DCC (49 mg, 0.24 mmol) and HOBT (32 mg, 0.24 mmol) in 20 mL distilled DMF for 24 hours. 
Kaiser ninhydrin analysis was negative. The resin was washed using steps 13 - 16 of protocol 2 and dried 

5 under vacuum to yield 0.72 g. 

This resin was treated with 6 mL dimethylsulfide and 2 mL liquid HF for 2 hours and 0* C. The reaction 
mixture was evaporated and the residue was treated with 0.7 mL anisole and 6 mL liquid HF for 45 minutes 
at 0° C. The reaction mixture was evaporated and the residue was washed with 1 x 15 mL EfcO and 3x15 
mL EtOAc. The resin was extracted with 3 x 20 mL 10% AcOH. The combined aqueous filtrates were 

10 lyophilized to yield 227 mg of a white solid. 

This crude material was purified by preparative HPLC on a Whatman Magnum-20 ODS-3 column (2 x 
25 cm) and eluted with a linear gradient of 10 - 40% B (buffer A: 0.1% TFA/H20, buffer B: 0.1% 
TFA/CH3CN) in 4 hours. The main peak was cut by analytical HPLC analysis of collected fractions, pooled 
and lyophilized to yield 26.7 mg of semi-pure product. This material was reapplied to a Magnum-20 ODS-3 

75 column (2 x 50 cm) and eluted with the same gradient. The main peak was cut and lyophilized to yield 9.5 
mg of a white, amorphous powder. This compound was homogeneous by HPLC and gave a correct amino 
acid analysis. FAB-MS: MH calc. 3277.8, found 3276.1. 

EXAMPLE 3 

20 

Preparation of Ac-GluMys^.Nle^.VaP.Thr^hVIP cyclo (Glu 8 -Lys 12 ) [Ac-(SEQ ID No:21)-NH 2 ] 

Benzhydrylamine copolystyrene-1 % divinylbenzene cross-linked resin (17.7 g, 2.6 mequiv, 200-400 
ASTM mesh, Vega Biochem) was swelled in 160 mL methylene chloride, filtered and. washed using steps 7 

25 - 8 of protocol 1. The resin was resuspended in 160 mL methylene chloride and to this was added Boc-Thr- 
(Bzl) (6.25 g, 20.2 mmole) and dicyclohexylcarbodiimide (2.10 g, 10.1 mmol). This mixture was shaken for 8 
hours at room temperature, filtered and then steps 10 - 14 of protocol 1 were performed. Kaiser ninhydrin 
analysis was negative. Unreacted amine groups were capped by treating the resin with 5 mL acetic 
anhydride and 5 mL DIPEA in 150 mL methylene chloride for 60 minutes, filtered and washed with steps 13 

30 - 14. The resin was dried under vacuum overnight to yield 18.0 g of Boc-Thr(Bzl)-BHA resin. A portion of 
this resin was subjected to amino acid analysis which indicated a loading of 0.17 mmol Thr/g. 

The Boc-Thr(Bzl)-BHA resin (18.0 g, 3.06 mmol) was subjected to solid phase synthesis using the 
above protocol 1. All couplings were performed using preformed symmetrical anhydrides prepared from 
Boc-amino acid and dicyclohexylcarbodiimide. Boc-asparagine, Boc-glutamine, and Boc-histidine- 

35 (benzyloxymethyl) were coupled as the respective HOBT active esters. Five coupling cycles were per- 
formed of one cycle each with Boc-Leu (6.1 g, 24.5 mmol), Boc-Val (5.32 g, 24.5 mmol), Boc-Ser(Bzl) (7.23 
g, 24.5 mmol), Boc-Asn (3.13 g, 13.5 mmol), and Boc-Leu (6.1 g, 24.5 mmol). The resin was dried under 
vacuum to give 22.9 g of Boc-hexapeptide resin. 

A 7.48 g (1.0 mmol) portion of this resin was carried through ten coupling cycles of one cycle each with 

40 Boc-Tyr(2,6-DCB) (1.76 g, 4.0 mmol), Boc-Lys(2-CI-Z) (1.66 g, 4.0 mmol), Boc-Lys(2-CI-Z) (1.66 g, 4.0 
mmol), Boc-Val (869 mg, 4.0 mmol), Boc-Ala (1.5 g, 8.0 mmol), Boc-Nle (925 mg, 4.0 mmol), Boc-GIn (1.08 
g, 4.4 mmol), Boc-Lys(2-CI-Z) (1.66 g, 4.0 mmol), Boc-Arg(Tos) (1.71 g, 4.0 mmol) and Boc-Leu (998 mg, 
4.0 mmol) to give 9.6 g of Boc-hexadecapeptide resin. 

A 7.68 g (0.8 mmol) portion of this resin was carried through one coupling cycle with Boc-Lys(Fmoc) 

45 (1.5 g, 3.2 mmol) to give 8.32 g of Boc heptadecapeptide resin. 

A 6.24 g (0.6 mmol) portion of this resin was carried through two coupling cycles of one cycle each with 
Boc-Thr(Bzl) (742 mg, 2.4 mmol) and Boc-Tyr(2,6-DCB) (1.06 g, 2.4 mmol) to give 6.28 g of Boc- 
nonadecapeptide resin. 

A 2.09 g (0.2 mmol) portion of this resin was carried through nine coupling cycles of one cycle each 
50 with Boc-Asn (204 mg, 0.88 mmol), Boc-Asp(OFm) (340 mg, 0.8 mmol), Boc-Thr(Bzl) (248 mg, 0.8 mmol), 
Boc-Phe (212 mg, 0.8 mmol), Boc-Val (174 mg, 0.8 mmol), Boc-Ala (151 mg, 0.8 mmol), Boc-Asp(OcHx) 
(258 mg, 0.8 mmol), Boc-Ser(Bzl) (236 mg, 0.8 mmol), and Boc-His(Bom) (330 mg, 0.88 mmol). The 
peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.25 mL acetic anhydride and 
70 mL DIPEA in 20 mL methylene chloride for 20 minutes. The resin was washed using steps 10-14. 
55 The resin was then selectively deblocked by treating with steps 1 - 1 1 of protocol 2. Three quarters of 
this resin (0.15 mmol) was reacted with DCC (77 mg, 0.37 mmol) and HOBT (51 mg, 0.37 mmol) in 20 mL 
distilled DMF for 72 hours and in 20 mL toluene for 24 hours. Kaiser ninhydrin analysis was negative. The 
resin was washed using steps 13-16 of protocol 2 and dried under vacuum to yield 1.72 g. 
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A 1.14 g (0.099 mmol) portion of this resin was deblocked by treatment as in Example 2 except that 1 
mL anisole and 9 mL HF was used in the second step. The reaction mixture was evaporated and the 
residue was washed with 1 x 15 mL EkO and 3 x 15 mL EtOAc. The resin was extracted with 3 x 20 mL 
10% AcOH. The combined aqueous filtrates were lyophilized to yield 535 mg of a white solid. 

5 This crude material was purified by gel filtration on Sephadex G-25 fine (2 x 100 cm column) by elution 
with 10% AcOH. The monomeric peak was cut by analytical HPLC analysis of collected fractions, pooled 
and lyophilized to give 83.5 mg of semipurified product. This material was further purified by preparative 
HPLC as in Example 2 except that a linear gradient of 20 - 40% in 3 hours was run. The main peak was cut 
by analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 18.9 mg of a white, 

70 amorphous powder. This compound was homogeneous by HPLC and gave a correct amino acid analysis. 
FAB-MS: MH calc. 3292.0, found 3291 .8. 

EXAMPLE 4 

75 Preparation of Ac-[Asn 8 ,Asp 9 .Lys t2 ,Nle 17 ,Val 26 ,Thr 28 ]-VIP cyclo (Asp 9 -Lys 12 ) [Ac-(SEQ ID No:22hNH 2 ] 

A 1.55 g (0.15 mmol) portion of the Boc-nonadecapeptide resin from Example 3 was carried through 
nine coupling cycles of one cycle each with Boc-Asp(OFm) (247 mg, 0.6 mmol), Boc-Asn (153 mg, 0.66 
mmol), Boc-Thr(Bzl) (248 mg, 0.8 mmol), Boc-Phe (159 mg, 0.6 mmol), Boc-Val (130 mg, 0.6 mmol), Boc- 

20 Ala (113 mg, 0.6 mmol), Boc-Asp(OcHx) (189 mg, 0.6 mmol), Boc-Ser(Bzl) (177 mg, 0.6 mmol), and Boc- 
His(Bom) (248 mg, 0.66 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and treated 
with 0.25 mL acetic anhydride and 70 mL DIPEA in 20 mL methylene chloride for 30 minutes. The resin 
was washed using steps 10-14. 

The resin was then selectively deblocked by treating with steps 1 -1 1 of protocol 2 and reacted twice 

25 with DCC (77 mg, 0.37 mmol) and HOBT (51 mg, 0.37 mmol) in 20 mL distilled DMF for 24 and 72 hours 
and twice in 20 mL toluene for 24 and 48 hours. Kaiser ninhydrin analysis was negative. The resin was 
washed using steps 13 - 15 of protocol 2 and dried under vacuum to yield 1.54 g. 

A 1.26 g (0.122 mmol) portion of this resin was deblocked by treatment with HF as in Example 3. The 
reaction mixture was evaporated and the residue was washed with 1 x 15 mL EfeO and 3 x 15 mL EtOAc. 

30 The resin was extracted with 3 x 20 mL 10% AcOH. The combined aqueous filtrates were lyophilized to 
yield 485 mg of a white solid. 

This crude material was purified by gel filtration on Sephadex G-25 fine as in Example 3 to give 83.5 
mg of semipurified product. This material was further purified by preparative HPLC as in Example 3 except 
that a linear gradient of 20 - 45% in 3 hours was run. The main peak was cut by analytical HPLC analysis of 

35 collected fractions, pooled and lyophilized to yield 1 1 .5 mg of a white, amorphous powder. This compound 
was homogeneous by HPLC and gave a correct amino acid analysis. FAB-MS: MH calc. 3277.8, found 
3277.6. 

EXAMPLE 5 

40 

Preparation of Ac-tOm^.Nle^.VaP.Thr^J-VIP cyclo (Asp 8 -+0rn 12 ) [Ac-(SEQ ID No:23)-NH 2 ] 

A 1.92 g (0.2 mmol) portion of the Boc-hexadecapeptide resin from Example 3 was carried through 
twelve coupling cycles of one cycle each with Boc-Orn(Fmoc) (364 mg, 0.8 mmol), Boc-Thr(Bzl) (495 mg, 

45 1.6 mmol), Boc-Tyr(2,6-DCB) (352 mg, 0.8 mmol), Boc-Asn (102 mg, 0.44 mmol), Boc-Asp(OFm) (329 mg, 
0.8 mmol), Boc-Thr(Bzl) (495 mg, 1.6 mmol), Boc-Phe (212 mg, 0.8 mmol), Boc-Val (174 mg, 0.8 mmol), 
Boc-Ala (151 mg, 0.8 mmol), Boc-Asp(OcHx) (252 mg, 0.8 mmol), Boc-Ser(Bzl) (236 mg, 0.8 mmol), and 
Boc-His(Bom) (330 mg, 0.88 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and 
treated with 0.25 mL acetic anhydride and 70 mL DIPEA in 20 mL methylene chloride for 30 minutes. The 

so resin was washed using steps 10-14 and dried overnight to yield 2.38 g. 

A 1.38 g (0.11 mmol) portion of this resin was then selectively deblocked by treating with steps 1-11 
of protocol 2 and reacted with DCC (55 mg, 0.27 mmol) and HOBT (37 mg, 0.27 mmol) in 20 mL distilled 
DMF for 24 hours, in 20 mL toluene for 24 hours and five times in 20 mL distilled DMF for 24 hours. Kaiser 
ninhydrin analysis was slightly positive. The resin was washed using steps 13 - 16 of protocol 2 and dried 

55 under vacuum. 

A 0.8 g (0.05 mmol) portion of this resin was deblocked by treatment with HF as in Example 3. The 
reaction mixture was evaporated and the residue was washed with 1 x 15 mL EfcO and 3 x 15 mL EtOAc. 
The resin was extracted with 3 x 20 mL 10% AcOH. The combined aqueous filtrates were lyophilized to 
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yield 429 mg of a gummy solid. 

This crude material was purified by gel filtration on Sephadex G-25 fine as in Example 3 to give 107 mg 
of semipurified product. This material was further purified by preparative HPLC as in Example 3 except that 
a linear gradient of 10 - 40% in 3 hours was run. The main peak was cut by analytical HPLC analysis of 
5 collected fractions, pooled and lyophilized to yield 17.5 mg of a white, amorphous powder. This compound 
was homogeneous by HPLC and gave a correct amino acid analysis. FAB-MS: MH calc. 3263.7, found 
3264.1. 

EXAMPLE 6 

JO 

Preparation of Ac-lLysS.Asp^.Nle^.Val^.Thr^l-VIP cyclo (Lys^Asp 12 ) [Ac-(SEQ ID No:24)-NH 2 ] 

A 1.0 g (0.1 mmol) portion of the Boc-hexadecapeptide resin from Example 3 was carried through 
twelve coupling cycles of one cycle each with Boc-Asp(OFm) (165 mg, 0.4 mmol), Boc-Thr(Bzl) (124 mg, 

J5 0.4 mmol), Boc-Tyr(2,6-DCB) (176 mg, 0.4 mmol), Boc-Asn (102 mg, 0.44 mmol), Boc-Lys(Fmoc) (187 mg, 
0.4 mmol), Boc-Thr(Bzl) (124 mg, 0.4 mmol), Boc-Phe (106 mg, 0.4 mmol), Boc-Val (87 mg, 0.4 mmol), 
Boc-Ala (76 mg, 0.4 mmol), Boc-Asp(OcHx) (126 mg, 0.4 mmol), Boc-Ser(Bzl) (118 mg, 0.4 mmol), and 
Boc-His(Bom) (150 mg, 0.4 mmol). The peptide resin was carried through protocol steps 1 - 8 and treated 
with 0.5 mL acetic anhydride and 35 mL DIPEA in 20 mL methylene chloride for 30 minutes. The resin was 

20 washed using steps 10 - 14 and dried overnight to yield 1.2 g. 

A 0.8 g (0.066 mmol) portion of this resin was then selectively deblocked by treating with steps 1-11 
of protocol 2 and reacted with BOP (58 mg, 0.13 mmol) in 20 mL distilled DMF for 24 hours. Kaiser 
ninhydrin analysis was negative. The resin was washed using steps 13 - 16 of protocol 2 and dried under 
vacuum. 

25 This resin was deblocked by treatment with HF as in Example 3. The reaction mixture was evaporated 
and the residue was washed with 1 x 15 mL EbO and 3 x 15 mL EtOAc. The resin was extracted with 3 x 
20 mL 10% AcOH. The combined aqueous filtrates were lyophilized to yield a gummy solid. 

This crude material was purified by gel filtration on Sephadex G-25 fine as in Example 3 to give 43.8 
mg of semipurified product. This material was further purified by preparative HPLC as in Example 3 except 

30 that a linear gradient of 10 - 40% in 3 hours was run. The main peak was cut by analytical HPLC analysis of 
collected fractions, pooled and lyophilized to yield 7.5 mg of a white, amorphous powder. This compound 
was homogeneous by HPLC and gave a correct amino acid analysis. FAB-MS: MH calc. 3277.8, found 
3276.4. 

35 EXAMPLE 7 

Preparation of Ac-tGI^.Orn^.Nle^.VaP.Thr^J-VIP cyclo (Glu 8 -0m 12 ) [Ac-(SEQ ID No:25)-NH 2 ] 

Benzhydrylamine copolystyrene-1% divinylbenzene cross-linked resin (25.0 g, 17.5 mequiv, 200-400 
40 ASTM mesh, Bachem) was swelled in 160 mL methylene chloride, filtered and washed using steps 7 - 8 of 
the protocol in Table 1. The resin was resuspended in 160 mL methylene chloride and to this was added 
Boc-Thr(Bzl) (16.2 g, 52.5 mmole) and dicyclohexylcarbodiimide (5.4 g, 26.2 mmol). This mixture was 
shaken for 6 hours at room temperature, filtered and then steps 10 - 14 of protocol 1 were performed. 
Kaiser ninhydrin analysis was negative. Unreacted amine groups were capped by treating the resin with 5 
45 mL acetic anhydride and 5 mL DIPEA in 150 mL methylene chloride for 60 minutes, filtered and washed 
with protocol steps 13-14. The resin was dried under vacuum overnight to yield 29.6 g of Boc-Thr(Bzi)- 
BHA resin. A portion of this resin was subjected to amino acid analysis which indicated a loading of 0.21 
mmol Thr/g. 

A 14.0 g (2.94 mmol) portion of this resin was subjected to solid phase synthesis using the above 
so protocol as in Example 2. Eleven coupling cycles were performed of one cycle each with Boc-Leu (5.9 g, 
23.5 mmol), Boc-Val (5.1 g, 23.5 mmol), Boc-Ser(Bzl) (6.9 g, 23.5 mmol), Boc-Asn (3.0 g, 13.0 mmol), Boc- 
Leu (5.9 g, 23.5 mmol) Boc-Tyr(2,6-DCB) (10.3 g, 23.5 mmol), Boc-Lys(2-CI-Z) (9.8 g, 23.5 mmol), Boc-Lys- 
(2-CI-Z) (9.8 g, 23.5 mmol). Boc-Val (5.1 g, 23.5 mmol), Boc-Ala (4.4 g, 23.5 mmol), and Boc-Nle (5.4 g, 
23.5 mmol) to give 26 g of Boc-decapeptide resin. 
55 A 5.5 g (0.61 mmol) portion of this resin was coupled with four cycles of one cycle each with Boc-GIn 
(655 mg, 2.7 mmol), Boc-Lys(2-CI-Z) (2.0 g, 4.8 mmol), Boc-Arg(Tos) (2.1 g, 4.8 mmol), and Boc-Leu (1.2 g, 
4.8 mmol). The resin was dried under vacuum to give 6.12 g of Boc-hexadecapeptide resin. 
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A 2.0 g (0.2 mmol) portion of this resin was carried through twelve coupling cycles of one cycle each 
with Boc-Orn(Fmoc) (91 mg, 0.2 mmol), Boc-Thr(Bzl) (250 mg, 0.8 mmol), Boc-Tyr(2,6-DCB) (352 mg, 0.8 
mmol), Boc-Asn (102 mg, 0.44 mmol), Boc-Glu(OFm) (340 mg, 0.8 mmol), Boc-Thr(Bzl) (248 mg, 0.8 
mmol), Boc-Phe (212 mg, 0.8 mmol), Boc-Val (174 mg, 0.8 mmol), Boc-Ala (152 mg, 0.8 mmol), Boc-Asp- 

5 (OcHx) (252 mg, 0.8 mmol), Boc-Ser(Bzl) (236 mg, 0.8 mmol), and Boc-His(Bom) (150 mg, 0.4 mmol). The 
peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride and 38 
mL DIPEA in 30 mL methylene chloride for 180 minutes. The resin was washed using steps 10-14 and 
dried under vacuum to yield 2.4 g. 

A 1.15 g (0.1 mmol) portion of this resin was then selectively deblocked by treating with steps 1 - 11 of 

70 protocol 2 and reacted twice with BOP (58 mg, 0.13 mmol) and 400 mL DIPEA in 20 mL distilled DMF for 
24 and 6 hours. Kaiser ninhydrin analysis was negative. The resin was washed using steps 13 - 16 of 
protocol 2 and dried under vacuum to give 1.05 g. 

This resin was deblocked by treatment with 9 mL HF, 1 mL anisole, and 100 mL ethanedithiol for 1 hr 
at 0* C. The reaction mixture was evaporated and the residue was washed with 2 x 15 mL EfcO and 2x15 

75 mL EtOAc. The resin was extracted with 4 x 20 mL 10% AcOH. The combined aqueous filtrates were 
lyophilized to yield 385 mg of a light, yellow solid. 

This crude material was purified by gel filtration on Sephadex G-25 fine as in Example 3 to give 134 mg 
of semipurified product. This material was further purified by preparative HPLC as in Example 3 except that 
a linear gradient of 26 - 36% in 3 hours was run. The main peak was cut by analytical HPLC analysis of 

20 collected fractions, pooled and lyophilized to yield 23.2 mg of a white, amorphous powder. This compound 
was homogeneous by HPLC and gave a correct amino acid analysis. FAB-MS: MH calc. 3277.8, found 
3276.3. 

EXAMPLE 8 

25 

Preparation of Ac-[Lys 12 ,Glu^Nle^Val*,Thr^]-VIP cyclo (Lys 12 -*Glu 15 ) [Ac-(SEQ ID No:26)-NH 2 ] 

Benzhydrylamine copolystyrene-1% divinylbenzene cross-linked resin (30 g, 21.4 mequiv, 200-400 
ASTM mesh, Bachem) was treated as in Example 22 except that 19.9 g Boc-Thr(Bzl) (64.3 mmole) and 6.6 

30 Q dicyclohexylcarbodiimide (32.1 mmol)were used. This mixture was shaken for 18 hours at room 
temperature, filtered and then steps 10 - 14 of protocol 1 were performed. Kaiser ninhydrin analysis was 
negative. Unreacted amine groups were capped by treating the resin with 8 mL acetic anhydride and 8 mL 
DIPEA in 200 mL methylene chloride for 60 minutes, filtered and washed with protocol steps 13-14. The 
resin was dried under vacuum overnight to yield 34.2 g of Boc-Thr(Bzl)-BHA resin. A portion of this resin 

35 was subjected to amino acid analysis which indicated a loading of 0.47 mmol Thr/g. 

A 0.85 g (0.4 mmol) portion of this Boc-Thr(Bzl)-BHA resin was subjected to solid phase synthesis on 
an Applied Biosystems model 430A peptide synthesizer. AH couplings were performed using preformed 
symmetrical anhydrides prepared from Boc-amino acid and dicyclohexylcarbodiimide. Boc-asparagine, Boc- 
glutamine, and Boc-arginine(tosyl) were routinely coupled as the respective HOBT active esters. Eleven 

40 coupling cycles were performed of one cycle each with Boc-Leu (499 mg, 2.0 mmol), Boc-Val (435 mg, 2.0 
mmol), Boc-Ser(Bzl) (590 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc- 
Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 
mmol), Boc-Val (435 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), and Boc-Nle (462 mg, 2.0 mmol) to give 
the Boc-dodecapeptide resin. 

45 This resin was then carried through five coupling cycles, as in Example 2, of one cycle each with Boc- 
Glu(OFm) (340 mg, 0.8 mmol), Boc-Lys(2-CI-Z) (664 mg, 1.6 mmol), Boc-Arg(Tos) (685 mg, 1.6 mmol), 
Boc-Leu (398 mg, 1.6 mmol), and Boc-Lys(Fmoc) (375 mg, 0.8 mmol). The resin was dried under vacuum 
to give 2.12 g of Boc-heptadecapeptide resin. 

A 1.06 g (0.2 mmol) portion of this resin was then selectively deblocked by treating with steps 1 - 11 of 

50 protocol 2 and reacted twice with BOP (177 mg, 0.4 mmol) and 200 mL DIPEA in 20 mL distilled DMF for 2 
and 8 hours. Kaiser ninhydrin analysis was very slightly positive. Unreacted amine groups were capped by 
treating the resin with 0.5 mL acetic anhydride in 20 mL 6% DIPEA/methylene chloride for 10 minutes, 
filtered and washed with protocol 2 steps 13-16. This resin was then carried through one coupling cycle 
with Boc-Thr(Bzl) (495 mg, 1.6 mmol) and then placed back on the Applied Biosystems 430A peptide 

55 synthesizer as above. Ten coupling cycles were performed of one cycle each with Boc-Tyr(2,6-DCB) (880 
mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 
2.0 mmol), Boc-Phe (531 mg, 2.0 mmol), Boc-Val (435 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc- 
Asp(OcHx) (630 mg, 2.0 mmol), Boc-Ser(Bzl) (590 mg, 2.0 mmol), and Boc-His(Tos) (819 mg, 2.0 mmol). 
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The peptide-resin was then carried through steps 1 - 8 of protocol 1 and reacted with 0.5 ml_ acetic 
anhydride and 100 mL DIPEA in 20 mL methylene chloride for 30 minutes. The resin was washed using 
steps 10-14 and dried under vacuum. 

The peptide-resin was deblocked as in Example 7 to yield 340 mg of crude peptide. The peptide was 
5 purified by gel filtration as in Example 3 to yield 35 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
15.6 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3276.6, found 3278.0. 

w EXAMPLE 9 

Preparation of Ac-tLys^.Nle^.As^.VaF.Thr^J-VIP cyclo (Lys^-Asp 24 ) [Ac-(SEQ ID No:27)-NH 2 ] 

A 0.42 g (0.2 mmol) portion of the Boc-Thr(Bzl) resin from Example 8 was carried through nine coupling 
75 cycles of one cycle each with Boc-Leu (200 mg, 0.8 mmol), Boc-Val (174 mg, 0.8 mmol), Boc-Ser(Bzl) (236 
mg, 0.8 mmol), Boc-Asp(OFm) (329 mg, 0.8 mmol), Boc-Leu (200 mg, 0.8 mmol), Boc-Tyr(2,6-DCB) (352 
mg, 0.8 mmol), Boc-Lys(2-CI-Z) (332 mg, 0.8 mmol), Boc-Lys(Fmoc) (375 mg, 0.8 mmol), and Boc-Val (174 
mg, 0.8 mmol). 

This resin was then selectively deblocked by treating with steps 1 - 11 of protocol 2 and reacted with 
20 BOP (177 mg, 0.4 mmol) and 200 mL DIPEA in 20 mL distilled DMF for 6 hours. Kaiser ninhydrin analysis 
was negative. 

This resin was then subjected to solid phase synthesis on an Applied Biosystems model 430A peptide 
synthesizer as in Example 8. Seventeen coupling cycles were performed of one cycle each with Boc-Ala 
(378 mg, 2.0 mmol), Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 

25 2.0 mmol), Boc-Arg(Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 
mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 
mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Phe (531 mg, 2.0 
mmol), Boc-Val (435 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), and 
Boc-Ser(Bzl) (590 mg, 2.0 mmol). This resin was carried through one coupling cycle with Boc-His(Tos) (164 

30 mg, 0.4 mmol) and then carried through steps 1 - 8 of protocol 1 and treated with 1 mL acetic anhydride in 
20 mL 6% DIPEA/methylene chloride for 30 minutes. The resin was washed using steps 10 - 14 of protocol 
1 and dried under vacuum to yield 1 .94 g. 

A 0.97 g (0.1 mmol) portion of this peptide-resin was deblocked as in Example 7 to yield 265 mg of 
crude peptide. The peptide was purified by gel filtration as in Example 3 to yield 149 mg of semi-pure 

35 product. This material was further purified by preparative HPLC as in Example 3, except that a linear 
gradient of 25 - 35% was run, to yield 28.1 mg of a white, amorphous powder. The compound was 
homogeneous by HPLC and gave a correct amino acid analysis. FAB-MS: MH calc. 3278.6, found 3278.8. 

EXAMPLE 10 

40 

Preparation of Ac-[Lys 12 ,Nle 17 ,Asp 25 ,Val 26 Jhr 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID No:28)-NH 2 ] 

Benzhydrylamine copolystyrene-1 % divinylbenzene cross-linked resin (5.0 g, 2.6 mequiv, 200-400 
ASTM mesh, Vega Biochem) was swelled in 50 mL methylene chloride, filtered and washed using steps 7 - 

45 8 of protocol 1. The resin was resuspended in 60 mL methylene chloride and to this was added Boc-Thr- 
(Bzl) (2.32 g, 7.5 mmole) and dicyclohexylcarbodiimide (774 mg, 3.75 mmol). This mixture was shaken for 4 
hours at room temperature, filtered and then steps 10 - 14 of protocol 1 were performed. Kaiser ninhydrin 
analysis was negative. Any unreacted amine groups were capped by treating the resin with 5 mL acetic 
anhydride and 5 mL DIPEA in 50 mL methylene chloride for 60 minutes, filtered and washed with protocol 

so steps 13-14. The resin was dried under vacuum overnight to yield 5.8 g of Boc-Thr(Bzl)-BHA resin. A 
portion of this resin was subjected to amino acid analysis which indicated a loading of 0.276 mmol Thr/g. 

A 1.44 g (0.4 mmol) portion of this resin was subjected to solid phase synthesis using the above 
protocol 1 as in Example 2. Three coupling cycles were performed of one cycle each with Boc-Leu (399 
mg, 1.6 mmol), Boc-Val (348 mg, 1.6 mmol), and Boc-Asp(OFm) (329 mg, 0.8 mmol). One half of this resin 

55 (0.2 mmol) was carried through four coupling cycles of one cyle each with Boc-Asn (204 mg, 0.88 mmol), 
Boc-Leu (199 mg, 0.8 mmol) Boc-Tyr(2,6-DCB) (352 mg, 0.8 mmol), and Boc-Lys(Fmoc) (375 g, 0.8 mmol). 

This resin was then selectively deblocked by treating with steps 1 - 1 1 of protocol 2 and reacted with 
BOP (177 mg, 0.4 mmol) in 20 mL 1% DIPEA/DMF for 2 hours. Kaiser ninhydrin analysis was negative. 
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This resin was carried through one coupling cycle with Boc-Lys(2-CI-Z) (332 mg, 0.8 mmol) and then 
subjected to solid phase synthesis on an Applied Biosystems model 430A peptide synthesizer as in 
Example 8. Nineteen coupling cycles were performed of one cycle each with Boc-Val (435 mg, 2.0 mmol), 
Boc-Ala (378 mg, 2.0 mmol), Boc-Nle (462 mg, 2.0 mmol), Boc-G!n (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) 

5 (830 mg, 2.0 mmol), Boc-Arg(Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 
mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Asn (464 mg, 
2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Phe (531 mg, 2.0 
mmol), Boc-Val (435 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), 
Boc-Ser(Bzl) (590 mg, 2.0 mmol), and Boc-His(Tos) (819 mg, 2.0 mmol) and then carried through steps 1 - 

w 8 of protocol 1 and treated with 1 mL acetic anhydride in 20 ml_ 6% DIPEA/methylene chloride for 30 
minutes. The resin was washed using steps 10 - 14 of protocol 1 and dried under vacuum. 

This peptide-resin was deblocked as in Example 7 to yield 210 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 93 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 27 - 37% was run, to yield 

75 26.2 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3305.8, found 3305.8. 

EXAMPLE 1 1 

20 Preparation of Ac-tLys^.Nle^.Ala^.Asp^.Val^.Thr^l-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID No:29)-NH 2 ] 

A 0.4 g (0.1 mmol) portion of benzhydrylamine resin (100-200 ASTM mesh, Bachem) was subjected to 
solid phase synthesis using the above stated protocol. All couplings were performed using equal molar 
equivalents of Boc-amino acid and diisopropylcarbodiimide. Boc-asparagine and Boc-glutamine were 

25 incorporated as the respective active esters by addition of 1 .5 molar excess HOBT to the coupling mixture. 
Reaction times were generally 2-18 hours for completion of the coupling step. Nine coupling cycles were 
performed of one cycle each with Boc-Thr(Bzl) (309 mg, 1.0 mmol) Boc-Leu (249 mg, 1.0 mmol), Boc-Val 
(217 mg, 1.0 mmol), Boc-Asp(OFm) (206 mg, 0.5 mmol), Boc-Asn (232 mg, 1.0 mmol), Boc-Leu (249 mg, 
1.0 mmol), Boc-Tyr(2,6-DCB) (440 mg, 1.0 mmol), Boc-Lys(Fmoc) (234 mg, 0.5 mmol), and Boc-Lys(2-CI-Z) 

30 (415 mg, 1.0 mmol). 

This resin was then selectively deblocked by treating with steps 1 - 11 of protocol 2 and reacted with 
BOP (88 mg, 0.2 mmol) in 20 mL 1% DIPEA/DMF for 2 hours. Kaiser ninhydrin analysis was negative. 

Nineteen coupling cycles were performed of one cycle each with Boc-Ala (189 mg, 1.0 mmol), Boc-Ala 
(189 mg, 1.0 mmol), Boc-Nle (231 mg, 1.0 mmol), Boc-GIn (246 mg, 1.0 mmol), Boc-Lys(2-CI-Z) (415 mg, 

35 1.0 mmol), Boc-Arg(Tos) (428 mg, 1.0 mmol), Boc-Leu (249 mg, 1.0 mmol), Boc-Lys(2-CI-Z) (415 mg, 1.0 
mmol), Boc-Thr(Bzl) (309 mg, 1.0 mmol), Boc-Tyr(2,6-DCB) (440 mg, 1.0 mmol), Boc-Asn (232 mg, 1.0 
mmol), Boc-Asp(OcHx) (315 mg, 1.0 mmol), Boc-Thr(Bzl) (309 mg, 1.0 mmol), Boc-Phe (265 mg, 1.0 
mmol), Boc-Val (217 mg, 1.0 mmol), Boc-Ala (189 mg, 1.0 mmol), Boc-Asp(OcHx) (315 mg, 1.0 mmol), 
Boc-Ser(Bzl) (295 mg, 1.0 mmol), and Boc-His(Tos) (409 mg, 1.0 mmol). The peptide-resin was then carried 

40 through steps 1 - 8 of protocol 1 and treated with 0.5 ml acetic anhydride in 10 mL 6% DIPEA/methylene 
chloride for 30 minutes. The resin was washed using steps 10-14 and dried under vacuum. 

This peptide-resin was deblocked as in Example 7 to yield 304 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 215 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 26 - 36% was run, to yield 

45 20.1 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3277.6, found 3277.7. 

EXAMPLE 12 

so Preparation of Ac-[p-F-Phe 6 ,2-Nal- 10 ,Lys 12 ,Nle 17 ,Asp 25 , Val^Jhr^.Gly^^.Me^^-VIP (1-31)-NH 2 cyclo 
(Lys 21 -Asp 25 ) [Ac-(SEQ ID No:30)-NH 2 ] 

A 0.4 g (0.1 mmol) portion of benzhydrylamine resin (100-200 ASTM mesh, Bachem) was subjected to 
solid phase synthesis as in Example 11. Three coupling cycles were performed of one cycle each with Boc- 
55 Met (249 mg, 1.0 mmol), Boc-Gly (175 mg, 1.0 mmol), and Boc-Gly (175 mg, 1.0 mmol). Nine coupling 
cycles and thecyclization were performed as in Example 1 1 . Nineteen coupling cycles were performed as in 
Example 11 except that Boc-Ala in the tenth cycle was replaced by Boc-Val (217 mg, 1.0 mmol), Boc-Tyr- 
(2,6-DCB) in the nineteenth cycle was replaced by Boc-2-Nal (158 mg, 0.5 mmol), and Boc-Phe in the 
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twenty-third cycle was replaced by Boc-p-F-Phe (142 mg, 0.5 mmol). 

This peptide-resin was deblocked as in Example 7 to yield 345 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 215 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 30 - 40% was run, to yield 
16.4 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3574.7, found 3575.1. 

EXAMPLE 13 

Preparation of Ac-[Glu 8 ,Orn 12 ( Nle l7 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID No:31)-NH 2 ] 

A 0.4 g (0.1 mmol) portion of benzhydrylamine resin (100-200 ASTM mesh, Bachem) was subjected to 
solid phase synthesis as in Example 1 1 . Nine coupling cycles and the cyclization were performed as in 
Example 11. Nineteen coupling cycles were performed as in Example 11 except that Boc-Ala in the tenth 
cycle was replaced by Boc-Val (217 mg, 1.0 mmol), Boc-Lys(2-CI-Z) in the seventeenth cycle was replaced 
by Boc-Orn(Z) (366 mg, 1.0 mmol),. and Boc-Asp(OcHx) in the twenty-first cycle was replaced by Boc-Glu- 
(Bzl) (337 mg, 1.0 mmol). 

This peptide-resin was deblocked as in Example 7 to yield 255 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 200 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 28 - 38% was run, to yield 
30.7 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3305.8, found 3305.5. 

EXAMPLE 14 

Preparation of Ac-[p-F-Phe & ,Lys 12 ,Nle l7 ,Ala 19 ,Asp 25 ,Val 26 , Thr 28 ,Gly 29 ' 30 ,Cys(Acm) 3, ]-VIP (1-31)-NH 2 cyclo 
(Lys 21 -Asp 25 ) [Ac-(SEQ ID No:32)-NH 2 ] 

Benzhydrylamine resin (0.4 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid phase 
synthesis as in Example 1 1 . Three coupling cycles were performed of one cycle each with Boc-Cys(Acm) 
(292 mg, 1.0 mmol), Boc-Gly (175 mg, 1.0 mmol), and Boc-Gly (175 mg, 1.0 mmol). Nine coupling cycles 
and cyclization were performed as in Example 11. Nineteen coupling cycles were performed as in Example 
11 except that Boc-Phe in the twenty-third cycle was replaced by Boc-p-F-Phe (142 mg, 0.5 mmol). 

This peptide-resin was deblocked as in Example 7 to yield 268 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 165 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
28.1 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3584.1 , found 3584.0. 

EXAMPLE 15 

Preparation ofAc-[Ala 2 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 26 , Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID No:33)- 
NH 2 ] 

Benzhydrylamine resin (1.5 g, 0.4 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid phase 
synthesis on an Applied Biosystems model 430A peptide synthesizer as in Example 11. Eight coupling 
cycles were performed of one cycle each with Boc-Thr(Bzl) (619 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 
mmol), Boc-Val (435 mg, 2.0 mmol), Boc-Asp(OFm) (822 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), 
Boc-Leu (499 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), and Boc-Lys(Fmoc) (938 mg, 2.0 
mmol). 

This resin was then selectively deblocked by treating with steps 1 - 1 1 of protocol 2 and reacted with 
BOP (356 mg, 0.8 mmol) in 20 mL 1% DIPEA/DMF for 2 hours. Kaiser ninhydrin analysis was negative. The 
resin was washed using steps 13 - 16 of protocol 2 and dried under vacuum to yield 1.9 g of Boc- 
octapeptide resin. 

A 0.95 g (0.2 mmol) portion of this resin was again subjected to solid phase synthesis on an Applied 
Biosystems model 430A peptide synthesizer as in Example 1 1 . Eighteen coupling cycles were performed of 
one cycle each with Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 
2.0 mmol), Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), 
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Boc-Arg(Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc- 
Thr(Bzl) (618 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc- 
Asp(OcHx) (630 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Phe (531 mg, 2.0 mmol), Boc-Val 
(435 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), and Boc-Asp(OcHx) (630 mg, 2.0 mmol) to give 1.54 g of 

5 Boc-hexacosapeptide resin. 

A 0.77 g (0.1 mmol) portion of this resin was subjected to solid phase synthesis using the above 
protocol as in Example 2. Two coupling cycles were performed of one cycle each with Boc-Ala (76 mg, 0.4 
mmol) and Boc-His(T os) (328 mg, 0.8 mmol). The peptide resin was carried through steps 1 - 8 of protocol 
1 and treated with 0.5 ml_ acetic anhydride in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The 

w resin was washed using steps 10-14 and dried under vacuum to give 0.74 g. 

This peptide-resin was deblocked as in Example 7 to yield 172 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 110 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 22 - 37% was run, to yield 
40.0 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 

75 amino acid analysis. FAB-MS: MH calc. 3261.7, found 3261.8. 

EXAMPLE 16 

Preparation of Ac-[N-Me-Ala 1 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 , Val 26 .Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
20 No:34)-NH 2 ] 

A 0.77 g (0.1 mmol) portion of the Boc-hexaocosapeptide resin from Example 15 was subjected to solid 
phase synthesis using the above protocol as in Example 2. Two coupling cycles were performed of one 
cycle each with Boc-Ser(Bzl) (118 mg, 0.4 mmol) and Boc-N-Me-Ala (81 mg, 0.4 mmol). The peptide resin 

25 was carried through steps 1 - 8 of protocol 1 and treated with BOP (442 mg, 1.0 mmol), acetic acid (57 mL, 
1.0 mmol), and DIPEA (523 mL, 3.0 mmol) in 20 mL DMF for 6 hours and then with 0.5 mL acetic 
anhydride in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10 - 
14 and dried under vacuum to give 0.73 g. 

This peptide-resin was deblocked as in Example 7 to yield 191 mg of crude peptide. The peptide was 

30 purified by gel filtration as in Example 3 to yield 138 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 22 - 37% was run, to yield 
28.0 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3225.4, found 3225.8. 

35 EXAMPLE 17 

Preparation of Ac-[2-Nal 10 ,Leu 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 26 , Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
No:35)-NH 2 ] 

40 Benzhydrylamine resin (4.0 g, 1.08 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid phase 
synthesis using protocol 1 as in Example 2. Eight coupling cycles were performed of one cycle each with 
Boc-Thr(Bzl) (1.34 g, 4.3 mmol), Boc-Leu (925 mg, 4.3 mmol), Boc-Val (938 mg, 4.3 mmol), Boc-Asp(OFm) 
(889 mg, 2.1 mmol), Boc-Asn (557 mg, 2.4 mmol), Boc-Leu (925 mg, 4.3 mmol), Boc-Tyr(2,6-DCB) (1.9 g, 
4.3 mmol), and Boc-Lys(Fmoc) (1.1 g, 4.3 mmol). 

45 This resin was then selectively deblocked by treating with steps 1 - 11 of protocol 2 and reacted with 
BOP (885 mg, 2.0 mmol) in 20 mL 1% DIPEA/DMF for 2 hours. Kaiser ninhydrin analysis was negative. The 
resin was washed using steps 13 - 16 of protocol 2. 

This resin was carried through one coupling cycle with Boc-Lys(2-CI-Z) (1.79 g, 4.3 mmol) and dried 
under vacuum to give 6.3 g of Boc-nonapeptide resin. 

so A 1.89 g (0.3 mmol) portion of this resin was carried through nine coupling cycles of one cycle each 
with Boc-Ala (227 mg, 1.2 mmol), Boc-Ala (227 mg, 1.2 mmol), Boc-Nle (278 mg, 1.2 mmol), Boc-GIn (325 
mg, 1.32 mmol), Boc-Lys(2-CI-Z) (498 mg, 1.2 mmol), Boc-Arg(Tos) (514 mg, 1.2 mmol), Boc-Leu (299 mg, 
1.2 mmol), Boc-Leu (498 mg, 2.0 mmol), and Boc-Thr(Bzl) (371 mg, 1.2 mmol) to give 2.06 g of Boc- 
octadecapeptide resin. 

55 A 0.68 g (0.1 mmol) portion of this resin was carried through ten coupling cycles of one cycle each with 
Boc-2-Nal (126 mg, 0.4 mmol), Boc-Asn (102 mg, 0.44 mmol), Boc-Asp(OcHx) (126 mg, 0.4 mmol), Boc- 
Thr(Bzl) (124 mg, 0.4 mmol), Boc-Phe (106 mg, 0.4 mmol), Boc-Val (87 mg, 0.4 mmol), Boc-Ala (76 mg, 0.4 
mmol), Boc-Asp(OcHx) (126 mg, 0.4 mmol), Boc-Ser(Bzl) (118 mg, 0.4 mmol), and Boc-His(Tos) (164 mg, 



34 



EP 0 536 741 B1 



0.4 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic 
anhydride in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10 - 
14 and dried under vacuum to give 0.82 g. 

This peptide-resin was deblocked as in Example 7 to yield 261 mg of crude peptide. The peptide was 
5 purified by gel filtration as in Example 3 to yield 186 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 30 - 40% was run, to yield 

60.1 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3296.8, found 3295.6. 

w EXAMPLE 18 

Preparation of Ac-[0-Me-Tyr 10 ,Leu 12 , Nle^.Ala^.Asp 25 , VaFMhr^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
No:36)-NH 2 ] 

75 A 0.68 g (0.1 mmol) portion of the Boc-octadecapeptide resin from Example 17 was carried through ten 

coupling cycles as in Example 17 except that Boc-2-Nal in the nineteenth cycle was replaced by Boc-Tyr- 

(O-Me) (59 mg, 0.2 mmol) to give 0.61 g. 

This peptide-resin was deblocked as in Example 7 to yield 175 mg of crude peptide. The peptide was 

purified by gel filtration as in Example 3 to yield 136 mg of semi-pure product. This material was further 
20 purified by preparative HPLC as in Example 3, except that a linear gradient of 28 - 38% was run, to yield 

42.4 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 

amino acid analysis. FAB-MS: MH calc. 3276.7, found 3276.0. 

EXAMPLE 19 

25 

Preparation of Ac-[p-F-Phe s ,p-NH 2 -Phe 10 ,Leu l2 ,Nle 17 ,Ala 19 > Asp^.Val^.Thr^J-VIP cyclo (Lys 21 -Asp 25 ) [Ac- 
(SEQ ID No:37)-NH 2 ] 

A 0.625 g (0.09 mmol) portion of the Boc-octadecapeptide resin was carried through ten coupling 
30 cycles as in Example 17 except that Boc-2-Nal in the nineteenth cycle was replaced by Boc-p-NH(Z)-Phe 
(166 mg, 0.4 mmol) and Boc-Phe in the twenty-third cycle was replaced by Boc-p-F-Phe (113 mg, 0.4 
mmol) to give 0.84 g. 

This peptide-resin was deblocked as in Example 7 to yield 182 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 160 mg of semi-pure product. This material was further 
35 purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 

47.2 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3279.7, found 3279.8. 

EXAMPLE 20 

40 

Preparation of Ac-[Lys 12 ,Nle 17 ) Ala 19 ,Asp 25 ,Leu 26 ,Lys 27 - 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID No:38)-NH 2 ] 

Benzhydrylamine resin (1.25 g, 1.0 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid phase 
synthesis using protocol 1 as in Example 2. Eight coupling cycles were performed of one cycle each with 
45 Boc-Lys(2-CI-Z) (1.66 g, 4.0 mmol), Boc-Lys(2-CI-Z) (1.66 g, 4.0 mmol), Boc-Leu (925 mg, 4.0 mmol), Boc- 
Asp(OFm) (823 mg, 2.0 mmol), Boc-Asn (511 mg, 2.2 mmol), Boc-Leu (925 mg, 4.0 mmol), Boc-Tyr(2,6- 
DCB) (1.76 g, 4.0 mmol), and Boc-Lys (Fmoc) (937 mg, 2.0 mmol). 

This resin was then selectively deblocked by treating with steps 1 - 1 1 of protocol 2 and reacted with 
BOP (885 mg, 2.0 mmol) in 20 mL 1% DIPEA/DMF for 2 hours. Kaiser ninhydrin analysis was negative. The 
so resin was washed using steps 13 - 16 of protocol 2. 

This resin was carried through one coupling cycle with Boc-Lys(2-CI-Z) (1.66 g, 4.0 mmol) and dried 
under vacuum to give 2.7 g of Boc-nonapeptide resin. 

A 0.54 g (0.2 mmol) portion of this resin was subjected to solid phase synthesis on an Applied 
Biosystems model 430A peptide synthesizer as in Example 8. Eighteen coupling cycles were performed of 
55 one cycle each with Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Nle (462 mg, 2.0 
mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg(Tos) (856 mg, 2.0 
mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 
mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 
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mrnol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Phe (531 mg, 2.0 mmol), Boc-Val (435 mg, 2.0 mmol), Boc- 
AJa (378 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), and Boc-Ser(Bzl) (590 mg, 2.0 mmol) to give 
1.16 g of Boc-heptacosapeptide resin. 

A 0.54 g (0.1 mmol) portion of this resin was carried through one coupling cycle with Boc-His(Tos) (819 
5 mg, 2.0 mmol) and then carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride 
in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10 - 14 of 
protocol 1 and dried under vacuum to yield 0.5 g. 

This peptide-resin was deblocked as in Example 7, except that 5 mL HF and 0.5 mL anisole were used, 
to yield 127 mg of crude peptide. The peptide was purified by gel filtration as in Example 3 to yield 74.6 
10 mg of semi-pure product. This material was further purified by preparative HPLC as in Example 3, except 
that a linear gradient of 24 - 34% was run, to yield 17.1 mg of a white, amorphous powder. The compound 
was homogeneous by HPLC and gave a correct amino acid analysis. FAB-MS: MH calc. 3333.8, found 
3333.4. 

75 EXAMPLE 21 

Preparation of Ac-[N-Me-Ala 1 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 , Lys 27 - 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
No:39)-NH 2 ] 

20 A 0.58 g (0.1 mmol) portion of the Boc-heptacosapeptide resin from Example 20 was carried through 
one coupling cycle with Boc-N-Me-Ala (81 mg, 0.4 mmol) and then carried through steps 1 - 8 of protocol 1 
and treated with BOP (443 mg, 1.0 mmol), acetic acid (57 mL, 1.0 mmol), and DIPEA (523 mL, 3.0 mmol) in 
20 mL DMF for 6 hours and with 0.5 mL acetic anhydride in 20 mL 6% DIPEA/methylene chloride for 60 
minutes. The resin was washed using steps 10 - 14 of protocol 1 and dried under vacuum to yield 0.4 g. 

25 This peptide-resin was deblocked as in Example 20 to yield 165 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 101 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 24 - 34% was run, to yield 
19.8 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3281 .8, found 3281 .9. 

30 

EXAMPLE 22 

Preparation of Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 , Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
No:40)-NH 2 ] 

35 

A 0.54 g (0.2 mmol) portion of the Boc-nonapeptide resin of Example 20 was subjected to solid phase 
synthesis on an Applied Biosystems model 430A peptide synthesizer as in Example 8. Eighteen coupling 
cycles were performed of one cycle each with Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), 
Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg- 

40 (Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Thr(Bzl) 
(618 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Glu(OBzl) 
(675 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Phe (531 mg, 2.0 mmol), Boc-Val (435 mg, 2.0 
mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), and Boc-Ser(Bzl) (590 mg, 2.0 
mmol) to give 0.58 g of Boc-heptacosapeptide resin. 

45 This resin was carried through one coupling cycle with Boc-His(Tos) (164 mg, 0.4 mmol) and then 
carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride in 20 mL 6% 
DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10 - 14 of protocol 1 and 
dried under vacuum to yield 0.53 g. 

This peptide-resin was deblocked as in Example 7, except that 5 mL HF and 0.5 mL anisole were used, 

so to yield 151 mg of crude peptide. The peptide was purified by gel filtration as in Example 3 to yield 110 mg 
of semi-pure product. This material was further purified by preparative HPLC as in Example 3, except that a 
linear gradient of 23.5 - 33.5% was run, to yield 22.8 mg of a white, amorphous powder. The compound 
was homogeneous by HPLC and gave a correct amino acid analysis. FAB-MS: MH calc. 3347.9, found 
3347.0. 

55 
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EXAMPLE 23 

Preparation of Ac-IO-Me-Tyr^.Lys^.Nle^.Ala^.Asp 25 , VaF.Thr^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
No:41)-NH 2 ] 

5 

A 1.84 g (0.3 mmol) portion of the Boc-nonapeptide resin from Example 17 was subjected to solid 
phase synthesis on an Applied Biosystems model 430A peptide synthesizer as in Example 8. Nine coupling 
cycles were performed of one cycle each with Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), 
Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg- 

w (Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), and Boc-Thr- 
(Bzl) (618 mg, 2.0 mmol) to give 2.2 g of Boc-octadecapeptide resin. 

A 0.73 g (0.1 mmol) portion of this resin was carried through ten coupling cycles of one cycle each with 
Boc-Tyr(O-Me) (59 mg, 0.2 mmol), Boc-Asn (102 mg, 0.44 mmol), Boc-Asp(OcHx) (126 mg, 0.4 mmol), 
Boc-Thr(Bzl) (124 mg, 0.4 mmol), Boc-Phe (106 mg, 0.4 mmol), Boc-Val (87 mg, 0.4 mmol), Boc-Ala (76 

75 mg, 0.4 mmol), Boc-Asp(OcHx) (126 mg, 0.4 mmol), Boc-Ser(Bzl) (118 mg, 0.4 mmol), and Boc-His(Tos) 
(164 mg, 0.4 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.5 
mL acetic anhydride in 20 ml_ 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using 
steps 10-14 and dried under vacuum to give 0.77g. 

This peptide-resin was deblocked as in Example 7 to yield 187 mg of crude peptide. The peptide was 

20 purified by gel filtration as in Example 3 to yield 131 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 26 - 36% was run, to yield 
5.3 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3291 .8, found 3291 .7. 

25 EXAMPLE 24 

Preparation of AcIGI^.Lys^.Nle^.Ala^.Asp^.Leu 26 , Lys 27 - 28 , Ala 29 " 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ 
ID No:42)-NH 2 ] 

30 Benzhydrylamine resin (1.1 g, 0.5 mmol, 200-400 ASTM mesh, Biomega) was subjected to solid phase 
synthesis using protocol 1 as in Example 2. Thirteen coupling cycles were performed of one cycle each 
with Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Lys(2-CI- 
Z) (830 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Asp(OFm) 
(823 mg, 2.0 mmol), Boc-Asn (511 mg, 2.2 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (881 

35 mg, 2.0 mmol), Boc-Lys(Fmoc) (936 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), and Boc-Ala (378 
mg, 2.0 mmol). 

This resin was then selectively deblocked by treating with steps 1 - 1 1 of protocol 2 and reacted with 
BOP (443 mg, 1.0 mmol) in 20 mL 1% DIPEA/DMF for 1 hour. Kaiser ninhydrin analysis was negative. The 
resin was washed using steps 13 - 16 of protocol 2 and dried under vacuum to give 2.02 g of Boc- 
40 tridecapeptide resin. 

A 0.8 g (0.2 mmol) portion of this resin was subjected to solid phase synthesis on an Applied 
Biosystems model 430A peptide synthesizer as in Example 8. Sixteen coupling cycles were performed of 
one cycle each with Boc-Ala (378 mg, 2.0 mmol), Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 2.0 
mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg(Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 

45 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 
2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 
mmol), Boc-Phe (531 mg, 2.0 mmol), Boc-Val (435 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), and Boc- 
Asp(OcHx) (630 mg, 2.0 mmol) to give 1 .2 g of Boc-nonacosapeptide resin. 

A 0.6 g (0.1 mmol) portion of this resin was carried through two coupling cycles as above with Boc-Ser- 

50 (Bzl) (590 mg, 2.0 mmol) and Boc-His(Tos) (819 mg, 2.0 mmol) to give 0.72 g. This resin was then carried 
through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride in 20 mL 6% DIPEA/methylene 
chloride for 60 minutes. The resin was washed using steps 10 - 14 of protocol 1 and dried under vacuum to 
yield 0.645 g. 

This peptide-resin was deblocked as in Example 7 to yield 280 mg of crude peptide. The peptide was 
55 purified by gel filtration as in Example 3 to yield 160 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 22 - 32% was run, to yield 
23.1 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3561.1, found 3560.8. 
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EXAMPLE 25 

Preparation of Ac-tAI^.GIi^.Lys^.Nle^.Ala^.Asp^.Leu 26 , Lys 27 ' 28 ,Ala 29 - 31 }-VIP cyclo (Lys^-Asp 25 ) [Ac- 
(SEQ ID No:43)-NH 2 ] 

5 

A 0.6 g (0.1 mmol) portion of the Boc-nonacosapeptide resin of Example 24 was carried through two 
coupling cycles as above with Boc-Ser(Bzl) (590 mg, 2.0 mmol) and Boc-His(Tos) (819 mg, 2.0 mmol) to 
give 0.68 g. This resin was then carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic 
anhydride in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10 - 

10 1 4 of protocol 1 and dried under vacuum to yield 0.56g. 

This peptide-resin was deblocked as in Example 7 to yield 1 60 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 70 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
21.8 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 

75 amino acid analysis. FAB-MS: MH calc. 3545.1, found 3545.3. 

EXAMPLE 26 

Preparation of Ac-tN-Me-AI^.GI^^ys^.Nle^.Ala^.Asp 25 , Leu^Lys^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ 
20 ID No:44)-NH 2 ] 

A 1.1 g (0.4 mmol) portion of the Boc-nonapeptide resin of Example 20 was subjected to solid phase 
synthesis on an Applied Biosystems model 430A peptide synthesizer as in Example 8. Seventeen coupling 
cycles were performed of one cycle each with Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), 

25 Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg- 
(Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Thr(Bzl) 
(618 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Asp(OcHx) 
(630 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Phe (531 mg, 2.0 mmol), Boc-Val (435 mg, 2.0 
mmol), Boc-Ala (378 mg, 2.0 mmol), and Boc-Asp(OcHx) (630 mg, 2.0 mmol) to give 2.24 g of Boc- 

30 hexacosapeptide resin. 

A 1.1 g (0.2 mmol) portion of this resin was carried through two coupling cycle with Boc-Ser(Bzl) (238 
mg, 0.8 mmol) and Boc-N-Me-Ala (163 mg, 0.8 mmol) and then carried through steps 1 - 8 of protocol 1 
and treated with BOP-CI (100 mg, 0.2 mmol), acetic acid (23 mL, 0.2 mmol), and DIPEA (140 mL, 0.4 
mmol) in 20 mL DMF for 1 hour. The resin was washed using steps 10 - 14 of protocol 1 and dried under 

35 vacuum to yield 0.95 g. 

This peptide-resin was deblocked as in Example 7 to yield 245 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 165 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
33.7 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 

40 amino acid analysis. FAB-MS: MH calc. 3295.8, found 3294.5. 

EXAMPLE 27 

Preparation of Ac-[p-F-Phe e ,Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 , Leu^.Lys^J-VIP cyclo (Lys^Asp 25 ) [Ac-(SEQ 
45 ID No:45)-NH 2 ] 

Benzhydrylamine resin (2.49 g, 2.0 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid phase 
synthesis using protocol 1 as in Example 2. Six coupling cycles were performed of one cycle each with 
Boc-Lys(2-CI-Z) (3.32 g, 8.0 mmol), Boc-Lys(2-CI-Z) (3.32 g, 8.0 mmol), Boc-Leu (1.85 g, 8.0 mmol), Boc- 
50 Asp(OFm) (823 mg, 2.0 mmol), Boc-Asn (1.02 g, 4.4 mmol), and Boc-Leu (1.05 g, 8.0 mmol). The resin was 
dried and 0.4 mmoles removed. Three coupling cycles were performed of one cycle each with Boc-Tyr(2,6- 
DCB) (2.52 g, 6.4 mmol), and Boc-Lys(Fmoc) (1.87 g, 6.4 mmol) and Boc-Lys(2-CI-Z) (2.65 g, 6.4 mmol). 

This resin was then selectively deblocked by treating with steps 1 - 1 1 of protocol 2 and reacted with 
BOP (1.42 g, 3.2 mmol) in 20 mL 1% DIPEA/DMF for 4.5 hours. Kaiser ninhydrin analysis was negative. 
55 The resin was washed using steps 13 - 16 of protocol 2 and dried to give 6.56 g of Boc-nonapeptide resin. 

A 1.64 g (0.4 mmol) portion of this resin was subjected to solid phase synthesis on an Applied 
Biosystems model 430A peptide synthesizer as in Example 8. Thirteen coupling cycles were performed of 
one cycle each with Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Nle (462 mg, 2.0 
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mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg(Tos) (856 mg, 2.0 
mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 
mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 
mmol), and Boc-Thr(Bzl) (618 mg, 2.0 mmol) to give 2.56 g of Boc-docosapeptide resin. 

5 A 0.64 g (0.1 mmol) portion of this resin was carried through six coupling cycles of one cycle each with 
Boc-p-F-Phe (283 mg, 1.0 mmol), Boc-Va! (218 mg, 1.0 mmol), Boc-Ala (189 mg, 1.0 mmol), Boc-Asp- 
(OcHx) (315 mg, 1.0 mmol), Boc-Ser(Bzl) (295 mg, 1.0 mmol), and Boc-His(Tos) (818 mg, 2.0 mmol). The 
peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride in 20 
mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10-14 and dried 

w under vacuum to give 0.69 g. 

This peptide-resin was deblocked as in Example 7 to yield 224 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 213 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 27 - 37% was run, to yield 
70.5 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 

75 amino acid analysis. FAB-MS: MH calc. 3365.9, found 3365.6. 

EXAMPLE 28 

Preparation of Ac-[1-Nal 6 ,Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 , Leu 26 ,Lys 27 - 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
20 No:46)-NH 2 ] 

A 1.28 g (0.2 mmol) portion of the Boc-docosapeptide resin of Example 27 was carried through six 
coupling cycles as in Example 27 except that Boc-p-F-Phe in the first cycle was replaced by Boc-1-Nal 
(315 mg, 1.0 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.5 

25 mL acetic anhydride in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using 
steps 10-14 and dried under vacuum to give 1.41 g. 

This peptide-resin was deblocked as in Example 7 to yield 420 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 305 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 

30 66.9 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3398.0, found 3398.8. 

EXAMPLE 29 

35 Preparation ofAc-[Glu 8 ,p-NH 2 -Phe 10 ,Lys 12 ,Nle l7 ,Ala 19 ,Asp 25 , Leu 2G ,Lys 27 ' 28 ]-VJP cyclo (Lys 21 - Asp 25 ) [Ac- 
(SEQ ID No:47)-NH 2 ] 

A 1 .64 g (0.4 mmol) portion of the Boc-nonapeptide resin of Example 27 was subjected to solid phase 
synthesis on an Applied Biosystems model 430A peptide synthesizer as in Example 8. Nine coupling 

40 cycles were performed of one cycle each with Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), 
Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg- 
(Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), and Boc-Thr- 
(Bzl) (618 mg, 2.0 mmol) to give 2.2 g of Boc-octadecapeptide resin. 

A 1.1 g (0.2 mmol) portion of this resin was carried through ten coupling cycles of one cycle each with 

45 Boc-p-NH(CBZ)-Phe (415 mg, 1.0 mmol), Boc-Asn (512 mg, 2.2 mmol), Boc-Glu(Bzl) (675 mg, 2.0 mmol), 
Boc-Thr(Bzl) (620 mg, 2.0 mmol), Boc-Phe (532 mg, 2.0 mmol), Boc-Val (436 mg, 2.0 mmol), Boc-Ala (378 
mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), Boc-Ser(Bzl) (590 mg, 2.0 mmol), and Boc-His(Tos) 
(1.64 g, 4.0 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL 
acetic anhydride in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 

50 10-14 and dried under vacuum to give 1.45g. 

This peptide-resin was deblocked as in Example 7 to yield 580 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 400 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 22 - 32% was run, to yield 
60.9 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 

55 amino acid analysis. FAB-MS: MH calc. 3346.9, found 3346.8. 
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EXAMPLE 30 

Preparation of Ac-fGluS.O-Me-Tyr^.Lys^.Nle^.Ala^.Asp 25 , Leu 26 ,Lys 2728 ]-VIP cyclo (Lys^-Asp 25 ) [Ac- 
(SEQ ID No:48)-NH 2 ] 

5 

A 1 .1 g (0.2 mmol) portion of the Boc-octadecapeptide resin of Example 29 was carried through ten 
coupling cycles as in Example 29 except that Boc-p-NH(CBZ)-Phe in the first cycle was replaced by Boc- 
O-Me-Tyr (148 mg, 0.5 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and treated 
with 0.5 mL acetic anhydride in 20 ml_ 6% DIPEA/methylene chloride for 60 minutes. The resin was washed 

70 using steps 10-14 and dried under vacuum to give 1 .45 g. 

This peptide-resin was deblocked as in Example 7 to yield 555 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 460 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
152.9 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 

75 amino acid analysis. FAB-MS: MH calc. 3361.9, found 3361.7. 

EXAMPLE 31 

Preparation of Ac-[p-F-Phe 6 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 .Val 26 f Thr^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
20 No:49)-NH 2 ] 

A 1.2 g (0.2 mmol) portion of the Boc-nonapeptide resin of example 17 was subjected to solid phase 
synthesis on an Applied Biosystems model 430A peptide synthesizer as in Example 8. Thirteen coupling 
cycles were performed of one cycle each with Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), 

25 Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg- 
(Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 mmol), Boc-Lys(2-CI-2) (830 mg, 2.0 mmol), Boc-Thr(Bzl) 
(618 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Asp(OcHx) 
(630 mg, 2.0 mmol), and Boc-Thr(Bzl) (618 mg, 2.0 mmol) to give 1.3 g of Boc-docosapeptide resin. 

A 0.65 g (0.1 mmol) portion of this resin was carried through six coupling cycles as in Example 27. The 

30 peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride in 20 
mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10-14 and dried 
under vacuum to give 0.856 g. 

This peptide-resin was deblocked as in Example 7 to yield 550 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 225 mg of semi-pure product. This material was further 

35 purified by preparative HPLC as in Example 3, except that a linear gradient of 27 - 37% was run, to yield 
80.9 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3295.7, found 3296.2. 

EXAMPLE 32 

40 

Preparation of Ac-tl-Na^.Lys^.Nle^.Ala^.Asp^.Val 26 , Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID No:50)- 
NH 2 ] 

A 0.65 g (0.1 mmol) portion of the Boc-docosapeptide resin of Example 31 was carried through six 
45 coupling cycles as in Example 27 except that Boc-p-F-Phe in the first cycle was replaced by Boc-1-Nal 
(315 mg, 1.0 mmol). The peptide resin was carried through steps 1 - 8 of protocol 1 and treated with 0.5 
mL acetic anhydride in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using 
steps 10-14 and dried under vacuum to give 0.801 g. 

This peptide-resin was deblocked as in Example 7 to yield 250 mg of crude peptide. The peptide was 
50 purified by gel filtration as in Example 3 to yield 188 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 27 - 37% was run, to yield 
28.0 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3327.8, found 3328.5. 

55 
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EXAMPLE 33 

Preparation of Ac-[Ala 2 ,Glu 8 ,Lys 12 f Nle 17 t Ala 19 ,Asp 25 t Leu^.Lys^^.Gly^.Th^M-VIP cyclo (Lys^-Asp 25 ) 
[Ac-(SEQ ID No:51)-NH 2 ] 

Benzhydrylamine resin (1.1 g, 0.5 mmol, 200-400 ASTM mesh, Biomega) was subjected to solid phase 
synthesis using protocol 1 as in Example 2. Thirteen coupling cycles were performed as in Example 24 
except that the Boc-Ala in the first cycle was replaced by Boc-Thr(Bzl) (619 mg, 2.0 mmol), Boc-Ala in the 
second cycle was replaced by Boc-Gly (350 mg, 2.0 mmol), and Boc-Ala in the third cycle was replaced by 
Boc Gly (350 mg, 2.0 mmol) to give 2.03 g of Boc-tridecapeptide resin. 

A 1.22 g (0.3 mmol) portion of this resin was subjected to solid phase synthesis on an Applied 
Biosystems model 430A peptide synthesizer as in Example 8. Sixteen coupling cycles were performed as 
in Example 24 except that Boc-Asp(OcHx) in the eleventh cycle was replaced by Boc-Glu(Bzl) (675 mg, 2.0 
mmol) to give 1 .95 g of Boc-nonacosapeptide resin. 

A 0.975 g (0.15 mmol) portion of this resin was carried through two coupling cycles as above with Boc- 
Ala (378 mg, 2.0 mmol) and Boc-His(Tos) (819 mg, 2.0 mmol) to give 1.05 g. This resin was then carried 
through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride in 20 ml_ 6% DIPEA/methylene 
chloride for 60 minutes. The resin was washed using steps 10 - 14 of protocol 1 and dried under vacuum to 
yield 0.897 g. 

This peptide-resin was deblocked as in Example 7 to yield 270 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 150 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 24 - 34% was run, to yield 

28.7 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3547.1, found 3546.9. 

EXAMPLE 34 

Preparation of Ac-tGluS^ys^.Nle^.Ala^.Asp^.Leu 25 , Lys 27 ' 28 ,Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac- 
(SEQ ID No:52)-NH 2 ] 

A 0.975 g (0.15 mmol) portion of the Boc-nonacosapeptide resin of Example 33 was carried through two 
coupling cycles as in Example 33 except that Boc-Ala in the first cycle was replaced by Boc-Ser(Bzl) (590 
mg, 2.0 mmol) to yield 0.915 g. 

This peptide-resin was deblocked as in Example 7 to yield 303 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 180 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 

42.8 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3563.1, found 3562.6. 

EXAMPLE 35 

Preparation of Ac-[Ala 2 ,Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 , Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
No:53)-NH 2 ] 

A 0.27 g (0.1 mmol) portion of the Boc-nonapeptide resin of Example 20 was subjected to solid phase 
synthesis on an Applied Biosystems model 430A peptide synthesizer as in Example 8. Nineteen coupling 
cycles were performed of one cycle each with 

Boc-Ala (378 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Nle (462 mg, 2.0 mmol), Boc-GIn (493 mg, 
2.0 mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Arg(Tos) (856 mg, 2.0 mmol), Boc-Leu (499 mg, 2.0 
mmol), Boc-Lys(2-CI-Z) (830 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 mmol), Boc-Tyr(2,6-DCB) (880 mg, 
2.0 mmol), Boc-Asn (464 mg, 2.0 mmol), Boc-Glu(Bzl) (675 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 2.0 
mmol), Boc-Phe (531 mg, 2.0 mmol), Boc-Val (435 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc-Asp- 
(OcHx) (630 mg, 2.0 mmol), Boc-Ser(Bzl) (590 mg, 2.0 mmol), and Boc-His(Tos) (818 mg, 2.0 mmol) to give 
0.57 g of Boc-octacosapeptide resin. 

This resin was then carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride 
in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10 - 14 of 
protocol 1 and dried under vacuum to yield 0.506 g. 
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This peptide-resin was deblocked as In Example 7 to yield 160 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 100 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 

17.1 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
5 amino acid analysis. FAB-MS: MH calc. 3331.9, found 3332.0. 

EXAMPLE 36 

Preparation of Ac-tp-NHz-Phe^.Lys^.Nle^.AJa^.Asp 25 , Val^.Thr^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
w No:54)-NH 2 ] 

A 0.6 g (0.1 mmol) portion of the Boc-nonapeptide resin from Example 17 was subjected to solid phase 
synthesis on an Applied Biosystems model 430A peptide synthesizer as in Example 8. Nine coupling 
cycles were performed as in Example 23 to give 0.72 g of Boc-octadecapeptide resin. This resin was 

75 carried through one coupling cycle with Boc-p-NH(CBZ)-Phe (166 mg, 0.4 mmol) to give 0.79 g of Boc- 
nonadecapeptide resin. This resin was subjected to solid phase synthesis on an Applied Biosystems model 
430A peptide synthesizer as in Example 8. Nine coupling cycles were performed as in Example 23 to give 
0.72 g of Boc-octadecapeptide resin. This resin was subjected to solid phase synthesis on an Applied 
Biosystems model 430A peptide synthesizer as in Example 8. Nine coupling cycles were performed of one 

20 cycle each with Boc-Asn (464 mg, 2.0 mmol), Boc-Asp(OcHx) (630 mg, 2.0 mmol), Boc-Thr(Bzl) (618 mg, 
2.0 mmol), Boc-Phe (531 mg, 2.0 mmol), Boc-Val (435 mg, 2.0 mmol), Boc-Ala (378 mg, 2.0 mmol), Boc- 
Asp(OcHx) (630 mg, 2.0 mmol), Boc-Ser(Bzl) (590 mg, 2.0 mmol), and Boc-His(Tos) (819 mg, 2.0 mmol) to 
give 0.91 g. This resin was then carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic 
anhydride in 20 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10 - 

25 14 of protocol 1 and dried under vacuum to yield 0.85g. 

This peptide-resin was deblocked as in Example 7 to yield 350 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 138 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 

25.2 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
30 amino acid analysis. FAB-MS: MH calc. 3276.8, found 3276.2. 

EXAMPLE 37 

Preparation of Ac-ILys^.Nle^.Ala^.m-OCHa-Tyr^.Asp 25 , Val 26 , Thr^-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
35 No:55)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Nine coupling cycles were performed of one cycle each 
with Boc-Thr(Bzl) (310 mg, 1.0 mmol), Boc-Leu (267 mg, 1.0 mmol), Boc-Val (217 mg, 1.0 mmol), Boc-Asp- 

40 (OFm) (212 mg, 0.5 mmol), Boc-Asn (255 mg, 1.1 mmol), Boc-Leu (249 mg, 1.0 mmol), Boc-m-OCH 3 -Tyr- 
(Bzl) (80 mg, 0.2 mmol), Boc-Lys(Fmoc) (234 mg, 0.5 mmol) and Boc-Lys(2-CI-Z) (415 mg, 1.0 mmol). 

This resin was then selectively deblocked by treating with steps 1 - 1 1 of protocol 2 and reacted with 
BOP (132 mg, 0.3 mmol) in 10 mL 1% DIPEA/DMF for 3.5 hours. Kaiser ninhydrin analysis was negative. 
The resin was washed using steps 13 - 16 of protocol 2. 

45 Nineteen coupling cycles were performed of one cycle each with Boc-Ala (189 mg, 1.0 mmol), Boc-Ala 
(189 mg, 1.0 mmol), Boc-Nle (231 mg, 1.0 mmol), Boc-GIn (270 mg, 1.1 mmol), Boc-Lys(2-CI-Z) (415 mg, 

1.0 mmol), Boc-Arg(Tos) (428 mg, 1.0 mmol), Boc-Leu (267 mg, 1.0 mmol), Boc-Lys(2-CI-Z) (415 mg, 1.0 
mmol), Boc-Thr(Bzl) (310 mg, 1.0 mmol), Boc-Tyr(2,6-DCB) (220 mg, 0.5 mmol), Boc-Asn (256 mg, 1.0 
mmol), Boc-Asp(OcHx) (315 mg, 1.0 mmol), Boc-Thr(Bzl) (310 mg, 1.0 mmol), Boc-Phe (265 mg, 1.0 

50 mmol), Boc-Val (217 mg, 1.0 mmol), Boc-Ala (189 mg, 1.0 mmol), Boc-Asp(OcHx) (315 mg, 1.0 mmol), 

Boc-Ser(Bzl) (295 mg, 1.0 mmol), and Boc-His(Tos) (409 mg, 1.0 mmol). 

This resin was then carried through steps 1 - 8 of protocol 1 and treated with 0.5 mL acetic anhydride 

in 10 mL 6% DIPEA/methylene chloride for 60 minutes. The resin was washed using steps 10 - 14 of 

protocol 1 and dried under vacuum to yield 0.814 g. 
55 This peptide-resin was deblocked as in Example 7 to yield 265 mg of crude peptide. The peptide was 

purified by gel filtration as in Example 3 to yield 150 mg of semi-pure product. This material was further 

purified by preparative HPLC as in Example 3, except that a linear gradient of 23 - 33% was run, to yield 

8.1 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
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amino acid analysis. FAB-MS: MH calc. 3307.8, found 3306.8. 
EXAMPLE 38 

Preparation of Ac-[Lys 12 I Nle 17 ,Ala 19 ,m-F-L-Tyr 22 l Asp 25 , VaF.Thr^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
No:56)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 
Example 37 except that the Boc-m-OCH 3 -Tyr(Bzl) in the seventh cycle was replaced by Boc-m-F-DL-Tyr- 
(Bzl) (78 mg, 0.2 mmol) to give 0.754 g. 

This peptide-resin was deblocked as in Example 7 to yield 254 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 114 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 27 - 37% was run, to yield 

15.1 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3295.7, found 3295.5. 

EXAMPLE 39 

Preparation of Ac-fGluS.Lys^.Nle^.Ala^.m-OCHg-Tyr^.Asp 25 , Leu^Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac- 
(SEQ ID No:57)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 
Example 37 except that the Boc-Thr(Bzl) in the first cycle was replaced by Boc-Lys(2-CI-Z) (415 mg, 1.0 
mmol), Boc-Leu in the second cycle was replaced by Boc-Lys (2-CI-Z) (415 mg, 1.0 mmol), Boc-Val in the 
third cycle was replaced by Boc-Leu (268 mg, 1.0 mmol), and Boc-Asp(OcHx) in the twenty-first cycle was 
replaced by Boc-Glu(O-Bzl) (337 mg, 1 .0 mmol) to give 0.90 g. 

This peptide-resin was deblocked as in Example 7 to yield 270 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 155 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
29.6 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3377.9, found 3377.9. 

EXAMPLE 40 

Preparation of Ac-tGluS.Lys^.Nle^.Ala^.m-F-L-Tyr^.Asp 25 , Leu 26 ,Lys 27 - 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac- 
(SEQ ID No:58)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 
Example 39 except that the Boc-m-OCH 3 -Tyr(Bzl) in the seventh cycle was replaced by Boc-m-F-DL-Tyr- 
(Bzl) (78 mg, 0.2 mmol) to give 0.83 g. 

This peptide-resin was deblocked as in Example 7 to yield 240 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 100 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 

37.2 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3365.9, found 3365.8. 

EXAMPLE 41 

Preparation of Ac-IAIa^Lys^.Nle^Ala^Ala^Asp 25 , Leu^Lys 27 ' 28 ]-^ cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
No:59)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 
Example 39 except that the Boc-Asn in the fifth cycle was replaced by Boc-Ala (189 mg, 1.0 mmol), Boc-m- 
OCHa-Tyr(Bzl) in the seventh cycle was replaced by Boc-Tyr(2,6-DCB) (440 mg, 1.0 mmol), and Boc-Glu- 
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(OBzl) in the twenth-first cycle was replaced by Boc-Ala (189 mg, 1.0 mmol) to give 0.85 g. 

This peptide-resin was deblocked as in Example 7 to yield 255 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 112 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
5 12.0 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3246.8, found 3246.7. 

EXAMPLE 42 

w Preparation of Ac-[Glu 8 ,Lys 12 l Ala 16 ' 17 ' 19 ,Asp 25 ) Leu 26 - Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID No:60)- 
NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 

75 Example 41 except that the Boc-Ala in the fifth cycle was replaced by Boc-Asn (256 mg, 1.1 mmol), Boc- 
Nle in the twelfth cycle was replaced by Boc-Ala (189 mg, 1.0 mmol), Boc-GIn in the thirteenth cycle was 
replaced by Boc-Ala (189 mg, 1.0 mmol), and Boc-Ala in the twenth-first cycle was replaced by Boc-Glu- 
(OBzl) (337 mg, 1.0 mmol) to give 0.80 g. 

This peptide-resin was deblocked as in Example 7 to yield 254 mg of crude peptide. The peptide was 

20 purified by gel filtration as in Example 3 to yield 115 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 20 - 30% was run, to yield 
32.1 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3248.7, found 3248.3. 

25 EXAMPLE 43 

Preparation of Ac-[Ala 8 ,Lys 12 ,Ala 1s ) Nle 17 ,Ala 19 l Ala 24 , Asp 25 , Leu^Lys^l-VIP cyclo (Lys 21 -Asp 25 ) [Ac- 
(SEQ ID No:61)-NH 2 ] 

30 Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 
Example 41 except that the Boc-GIn in the thirteenth cycle was replaced by Boc-Ala (189 mg, 1.0 mmol) to 
give 0.93 g. 

This peptide-resin was deblocked as in Example 7 to yield 250 mg of crude peptide. The peptide was 
35 purified by gel filtration as in Example 3 to yield 100 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 27 - 37% was run, to yield 
23.6 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3189.8, found 3189.9. 

40 EXAMPLE 44 

Preparation of Ac-tA^.Lys^.Ala^'^'^.AIa^.Asp 25 , Leu 26 , Lys 27 « 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
No:62)-NH 2 ] 

45 Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 
Example 43 except that the Boc-Nle in the twelfth cycle was replaced by Boc-Ala (189 mg, 1.0 mmol) to 
give 0.762 g. 

This peptide-resin was deblocked as in Example 7 to yield 240 mg of crude peptide. The peptide was 
50 purified by gel filtration as in Example 3 to yield 150 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 22 - 32% was run, to yield 
55.3 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3147.7, found 3148.0. 

55 
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EXAMPLE 45 

Preparation of Ac-IGIuMys^.Ala^.Nle^.Ala^.Asp 25 , Leu 26 , Lys^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
No:63)-NH 2 ] 

Benzhydry (amine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 
Example 42 except that the Boc-Ala in the twelfth cycle was replaced by Boc-Nle (231 mg, 1.0 mmol) to 
give 0.775 g. 

This peptide-resin was deblocked as in Example 7 to yield 203 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 100 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 27 - 37% was run, to yield 
40.0 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3290.8, found 3290.5. 

EXAMPLE 46 

Preparation of Ac-tGlu^Lys^.Ala^^'^.Ala^.Asp 25 , Leu^.Lys^J-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
No:64)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Twenty-eight coupling cycles were performed as in 
Example 43 except that the Boc-Ala in the twenty-first cycle was replaced by Boc-Glu(OBzl) (337 mg, 1 .0 
mmol) to give 0.837 g. 

This peptide-resin was deblocked as in Example 7 to yield 178 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 126 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 20 - 30% was run, to yield 
24.9 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3205.7, found 3205.2. 

EXAMPLE 47 

Preparation of Ac-tGI^.Lys^.Nle^.Ala^.Asp 25 ^! 26 , Thr^Gly 29 ' 3 ^Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ 
ID No:65)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Three coupling cycles were performed of one cycle each 
with Boc-Thr(Bzl) (310 mg, 1.0 mmol), Boc-Gly (175 mg, 1.0 mmol), and Boc-Gly (175 mg, 1.0 mmol). 
Twenty-eight coupling cycles were performed as in Example 37 except that the Boc-m-OCH 3 -Tyr(Bzl) in the 
seventh cycle was replaced by Boc-Tyr(2,6-DCB) (440 mg, 1 .0 mmol), and Boc-Asp(OcHx) in the twenty- 
first cycle was replaced by Boc-Glu(O-Bzl) (337 mg, 1.0 mmol) to give 0.895g. 

This peptide-resin was deblocked as in Example 7 to yield 440 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 120 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
27.7 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3506.9, found 3205.8. 

EXAMPLE 48 

Preparation of Ac-[p-F-Phe 6 ,Glu 8 ,Lys 12 ,Nle 17 ,Asp 25 ,Val 26 , Thr^Gly 29 ' 3 Vhr 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac- 
(SEQ ID No:66)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Thirty-one coupling cycles were performed as in 
Example 47 except that the Boc-Ala in the thirteenth cycle was replaced by Boc-Val (217 mg, 1.0 mmol), 
and Boc-Phe in the twenty-sixth cycle was replaced by Boc-p-F-Phe (142 mg, 0.5 mmol) to give 0.754 g. 

This peptide-resin was deblocked as in Example 7 to yield 280 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 152 mg of semi-pure product. This material was further 
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purified by preparative HPLC as in Example 3, except that a linear gradient of 27 - 38% was run, to yield 
53.4 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3553.0, found 3552.2. 

5 EXAMPLE 49 

Preparation of Ac-[Ala 2 ,Glu 8 ,Lys l2 ,Nle 17 ,Asp 25 ,Leu 26 , Lys^.Gly^.Thr^J-VIP cyclo (Lys 21 -*Asp 25 ) [Ac- 
(SEQ ID No:67)-NH2] 

70 Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Thirty-one coupling cycles were performed as in 
Example 47 except that the Boc-Thr(Bzl) in the fourth cycle was replaced by Boc-Lys(2-CI-Z) (414 mg, 1.0 
mmol), Boc-Leu in the fifth cycle was replaced by Boc-Lys(2-CI-Z) (414 mg, 1.0 mmol), Boc-Val in the sixth 
cycle was replaced by Boc-Leu (249 mg, 1.0 mmol), Boc-Ala in the thirteenth cycle was replaced by Boc- 

75 Val (217 mg, 1.0 mmol), and Boc-Ser(Bzl) in the thirtith cycle was replaced by Boc-Ala (189 mg, 1.0 mmol) 
to give 0.838 g. 

This peptide-resin was deblocked as in Example 7 to yield 370 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 196 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 23 - 33% was run, to yield 
20 48.4 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3575.1, found 3574.0. 

EXAMPLE 50 

25 Preparation of Ac-[Glu 8 l Lys l2 ,Nle 17 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 , Gly 2930 ,Thr 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
No:68)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Thirty-one coupling cycles were performed as in 
30 Example 49 except that the Boc-Ala in the thirtith cycle was replaced by Boc-Ser(Bzl) (295 mg, 1.0 mmol) 
to give 0.913 g. 

This peptide-resin was deblocked as in Example 7 to yield 378 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 240 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 25 - 35% was run, to yield 
35 28.8 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 
amino acid analysis. FAB-MS: MH calc. 3591.1, found 3590.3. 

EXAMPLE 51 

40 Preparation of Ac-[Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 ,Lys 27 - 28 , Ala 29 " 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
No:69)-NH 2 ] 

Benzhydrylamine resin (0.125 g, 0.1 mmol, 100-200 ASTM mesh, Bachem) was subjected to solid 
phase synthesis using protocol 1 as in Example 2. Thirty-one coupling cycles were performed as in 

45 Example 47 except that the Boc-Thr(Bzl) in the first cycle was replaced by Boc-Ala (189 mg, 1.0 mmol), 
Boc-Gly in the second cycle was replaced by Boc-Ala (189 mg, 1.0 mmol), Boc-Gly in the third cycle was 
replaced by Boc-Ala (189 mg, 1.0 mmol), Boc-Thr(Bzl) in the fourth cycle was replaced by Boc-Lys(2-CI-Z) 
(414 mg, i.o mmol), Boc-Leu in the fifth cycle was replaced by Boc-Lys(2-CI-Z) (414 mg, 1.0 mmol), Boc- 
Val in the sixth cycle was replaced by Boc-Leu (249 mg, 1 .0 mmol), and Boc-Glu(OBzl) in the twenty-fourth 

so cycle was replaced by Boc-Asp(OcHx) (315 mg, 1.0 mmol) to give 0.844 g. 

This peptide-resin was deblocked as in Example 7 to yield 360 mg of crude peptide. The peptide was 
purified by gel filtration as in Example 3 to yield 115 mg of semi-pure product. This material was further 
purified by preparative HPLC as in Example 3, except that a linear gradient of 24 - 34% was run, to yield 
34.7 mg of a white, amorphous powder. The compound was homogeneous by HPLC and gave a correct 

55 amino acid analysis. FAB-MS: MH calc. 3547.1, found 3546.0. 
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EXAMPLE 52 

Tracheal Relaxant Activity of VIP Analogs 

5 The relaxant activity of the VIP analogs were studied in a model utilizing guinea pig trachea. 
[Wasserman, M.A. et al., in Vasoactive Intestinal Peptide, S.I. Said, ed., Raven Press, N.Y. 1982, pp 177- 
184] All tissues were taken from male albino guinea pig weighing 400-600 g, anesthesized with urethane (2 
g/kg, i.p.). After exanguination, the trachea were removed and divided into four ring segments (3 mm 
length). Each ring was suspended by 30 gauge stainless steel wires in a 10 mL jacketed tissue bath and 

10 attached via 4-0 silk thread to a Grass force displacement transducer (model FT03C, Grass Instruments Co., 
Quincy, MA), for isometric recording of tension. The smooth muscle was bathed in modified Krebs solution 
of the following composition: NaCI, 120 mM; KCI, 4.7 mM; CaCI 2 , 2.5 mM; MgSCWH 2 0, 1.2 mM; 
NaHC03, 25 mM; K2HPO4 monobasic, 1.2 mM; and dextrose, 10 mM. Tissue baths were maintained at 
37 *C and constantly bubbled with 95% O2 and 5% CO2. Responses were recorded on an 8 channel and a 

75 4 channel Hewlett-Packard (model 7702B and 7754A, respectively) recorder (Hewlett-Packard, Paramus, 
NJ). Tracheal rings were placed under a resting tension of 1.5 g which was determined to be at or near 
optimal in preliminary experiments. Frequent readjustments of tension were required during the 60 minute 
stabilization period which followed. Tissues were rinsed at 15 minute intervals. 

Cumulative concentration response curves were obtained for each tissue by successive uL increases in 

20 the bath concentration of VIP or VIP analogs according to the method of VanRossum [Arch. Int. 
Pharmacodyn., 143, 299-330 (1963)]. Only one cummulative dose response curve was obtained on a single 
tissue. To minimize variability between tissues, relaxant responses were expressed as a percentage of the 
maximum response obtained to VIP (10~ 6 M = 100%) added at the end of each concentration response 
experiment. Responses obtained from three tissues were pooled and EC50 values were determined by 

25 linear regression. 

The results summarized in Table I show the tracheal relaxant activity of the VIP analogs in comparison 
to native VIP. 
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TABLE I 

Relaxant activity of VIP analogs on guinea pig tracheal smooth muscle 

KCso 

COMPOUND ( nM > 

VIP[(Seq ID NO:l)-NH2J 10 

Ac-[Lys 12 ,Nle 17 ,Val 26 ,Thr 28 ]-VIP cyclo 
(Asp 8 -»Lys 12 ) 

[Ac-(SEQ ID NO:20)-NH 2 ] 14 

Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Val 26 ,Thr 28 ]-VIP cyclo 
(Glu 8 -»Lys 12 ) [Ac- (SEQ ID NO:21)-NH 2 ] 34 

Ac-[Asn 8 ,Asp9,Lys 12 ,Nle 17 ,Val 26 ,Thr 28 ]-VIP cyclo 
(Asp 9 -»Lys 12 ) [AC-(SEQ ID NO:22)-NH 2 ] 17 

Ac- [ Orn 12 , Nle 17 , Val 2 6 , Thr 28 ] -VIP cyclo 

(Asp 8 -K)rn 12 ) [Ac- (SEQ ID NO:23)-NH 2 ] 40 

Ac- [Lys 8 ,Asp 12 ,Nle 17 ,Val 26 ,Thr 28 ]-VIP cyclo 
(Lys 8 -»Asp 12 ) [Ac- (SEQ ID NO:24)-NH 2 ] 38 

Ac- [ Glu 8 , Orn 12 , Nle 17 , Val 2 6 , Thr 28 ] -VIP cyclo 
(Glu 8 -»Orn 12 ) [Ac- (SEQ ID NO:25)-NH 2 ] 16 

Ac- [Lys 12 , Glu 16 , Nle 17 , Val 26 , Thr 28 ] -VIP cyclo 
(Lys 12 -»Glu 16 ) [Ac-(SEQ ID NO:26)-NH 2 ] 37 

Ac- [Lys 12 , Nle 17 , Asp 24 , Val 26 , Thr 28 ] -VIP cyclo 
(Lys 20 -»Asp 24 ) [Ac-(SEQ ID NO:27)-NH 2 ] 5.3 
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Ac-[Lys 12 ,Nle 17 , Asp 25 , Val 26 , Thr 28 ] -VIP cyclo 
(Lys 21 -*Asp 25 ) [Ac-(SEQ ID NO:28)-NH 2 ] 3.1 

Ac- [Lys 12 , Nle 17 , Ala 19 , Asp 25 , Val 2 6 , Thr 28 ] -VIP cyclo 
(Lys 21 ->Asp 25 ) [Ac-(SEQ ID NO:29)-NH 2 ] 0.70 

Ac-[p-F-Phe6,2-Nall0,Lys 12 ,Nle 17 ,Asp 25 ,Val26 / 

Thr 28 ,Gly 29 ' 30 ,Met 31 ]-VIP cyclo (Lys 21 ->Asp 25 ) 

[Ac-(SEQ ID NO:30)-NH 2 ] 1.3 

Ac-[Glu 8 ,Orn 12 ,Nle 17 ,Asp 25 / Val 26 ,Thr 28 ]-VIP cyclo 
(Lys 21 ->Asp 25 ) [Ac-(SEQ ID NO:31)-NH 2 ] 2.2 

Ac-[p-F-Phe6,Lys 12 ,Nle 17 ,Alal9,Asp 25 ,Val 2 6 f Thr 28 , 

Gly 29 ' 30 ,Cys(Acm) 31 ]-VIP cyclo (Lys 21 -+Asp 25 ) 

[Ac-(SEQ ID NO:32)-NH 2 ] 0.44 

Ac-(Ala 2 f Lys 12 ,Nlel 7 ,Ala 19 ,Asp 25 ,Val 2 6 f Thr 28 ]-VIP 

cyclo (Lys 21 ->Asp 25 ) [Ac-(SEQ ID NO:33)-NH 2 ] 1. 2 

Ac- [N-Me-Ala 1 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Val 2 6 , 
Thr 28 ] -VIP cyclo (Lys 21 ->Asp 25 ) 

[Ac-<SEQ ID NO:34)-NH 2 ] 0.71 

Ac- (2-Nal 10 , Leu 12 , Nle 17 , Ala 19 , Asp 25 , Val 26 , Thr 28 ] - 

VIP cyclo <Lys 21 ->Asp 25 ) [Ac-(SEQ ID NO:35)-NH 2 ] 4.2 

Ac-[O-CH 3 -Tyr 10 ,Leu 12 ,Nle 17 ,Ala 19 ,Asp 25 , Val 26 , 
Thr 28 ] -VIP cyclo (Lys 21 ->Asp 25 ) 

[Ac-(SEQ ID NO:36)-NH 2 ] 0.84 
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Ac- [p-F-Phe 6 , p-NH2-Phe 10 , Leu 12 , Nle 17 , Ala 1 9 , Asp 2 5 , 
Val 26 ,Thr 28 ]-VIP cyclo (Lys 21 -+Asp 25 ) 
[Ac-(SEQ ID NO:37)-NH2l 

Ac- [Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 2 6, Lys 27 ' 28 ] -VIP 
cyclo (Lys 21 -»Asp 25 ) [Ac-(SEQ ID NO:38)-NH 2 ] 

Ac- [N-Me-Ala 1 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ]-VIP cyclo (Lys 21 -*Asp 25 ) 
[Ac-(SEQ ID NO:39)-NH2] 

Ac- [Glu 8 , Lys 12 , Nle 17 , Ala 1 9 , Asp 25 , Leu 2 6 , Lys 27 ' 28 ] - 
VIP cyclo (Lys 21 -»Asp 25 ) [Ac-(SEQ ID NO:40)-NH 2 ] 

Ac-[O-Me-Tyr 1 0,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 2 6, 
Thr 28 ]-VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:41)-NH2] 

Ac- [Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , Lys 27 ^ 28 , 
Ala 29 ~ 31 ]-VIP cyclo <Lys 21 ->Asp 25 ) 
[Ac-(SEQ ID NO:42)-NH 2 ] 

Ac- [Ala 2 , Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27,28 f Ala 29-31]_viP cyclo <Lys 21 ->Asp 25 ) 
[Ac-(SEQ ID NO:43)-NH 2 ] 

Ac- [N-Me-Ala 1 , Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 -+Asp 25 ) 
[Ac-(SEQ ID NO:44)-NH 2 ] 

Ac- [p-F-Phe 6 ,Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:45)-NH 2 ] 
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Ac-[l-Nal 6 ,Glu 8 , Lys 12 f Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 -*Asp 25 ) 
[Ac-(SEQ ID NO:4 6)-NH 2 ] 

Ac-[Glu 8 ,p-NH 2 -Phe 10 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 , 
Leu 26 , Lys 27 ' 28 ] -VIP cyclo (Lys 21 -»Asp 25 ). 
[Ac-(SEQ ID NO:47)-NH 2 ] 

Ac- [Glu 8 , 0-CH 3 -Tyr 10 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , 
Leu 26 , Lys 27 ' 28 ] -VIP cyclo <Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:48)-NH 2 ] 

Ac-[p-F-Phe 6 ,Lys 12 ,Nle 17 , Ala 19 , Asp 25 , Val 26 , Thr 28 ] - 
VIP cyclo <Lys 21 -+Asp 25 ) [Ac-(SEQ ID NO:49)-NH 2 ] 

Ac- [ 1-Nal 6 , Lys 12 , Nle 17 , Ala 1 9 , Asp 25 , Val 2 6 , Thr 2 8 ] - 
VIP cyclo (Lys 21 -»Asp 25 ) [Ac-(SEQ ID NO:50)-NH 2 ] 

Ac- [Ala 2 , Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ,Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -»Asp 25 ) 

[Ac-(SEQ ID NO:51)-NH 2 ] 

Ac- [Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , Lys 27 ' 28 , 
Gly 29 ' 30 , Thr 31 ] -VIP cyclo Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:52)-NH 2 ] 

Ac- [Ala 2 , Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 ->Asp 25 ) 
[Ac-(SEQ ID NO:53)-NH 2 ] 

Ac-[p-NH 2 -Phe 10 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 26 , 
Thr 28 ] -VIP cyclo (Lys 21 -*Asp 25 ) 
[AC-(SEQ ID NO:54)-NH 2 ] 
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Ac-[Lys 12 / Nle 17 ,Ala 19 / m-OCH 3 -Tyr 22 / Asp 25 f Val 26 f 
Thr 28 ]-VIP cyclo (Lys 21 -*Asp 25 ) 
[Ac-(SEQ ID NO:55)-NH 2 ] 

Ac- [Lys 12 ,Nle 17 , Ala 19 ,m-F-L-Tyr 22 , Asp 25 , Val 26 , 
Thr 28 ]-VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:56)-NH2l 

Ac-[Glu 8 f Lys 12 ,Nle 17 / Ala 19 ,m-OCH 3 -Tyr 22 ,Asp 25 f 
Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-<SEQ ID NO:57)-NH2l 

Ac- [Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,m-F-L-Tyr 22 , Asp 25 , 
Leu 26 , Lys 27 ' 28 ]-VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:58)-NH 2 ] 

Ac-[Ala 8 ,Lys 12 ,Nle 17 , Ala 19 , Ala 24 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ]-VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:59)-NH 2 ] 

Ac-[Glu 8 ,Lys 12 ,Ala 16 ' 17 r I 9 , Asp 25 , Leu 26 , Lys 27 t 28 ] - 
VIP cyclo (Lys 21 -*Asp 25 ) [Ac-(SEQ ID NO:60)-NH2] 

Ac- [Ala 8 , Lys 12 , Ala 16 , Nle 17 , Ala 19 , Ala 24 , Asp 25 , 
Leu 26 , Lys 27 ' 28 ] -VIP cyclo <Lys 21 -»Asp 25 ) 

[Ac-(SEQ ID NO:61)-NH2l 

Ac-Ala 8 , Lys 12 , Ala 16 ^ 17 ' 19 , Ala 24 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 ->Asp 25 ) 

[Ac-(SEQ ID NO:62)-NH 2 ] 
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Ac-[Glu 8 ,Lys 12 , Ala 16 ,Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ]-VIP cyclo (Lys 21 -»Asp25) 

[Ac-SEQ ID NO:63)-NH2J 0.9 

Ac-[Glu 8 ,Lys 12 / Ala 16 / 17 ' 19 ,Ala 24 ,Asp 25 / Leu 26 / 
L ys 27 ' 28 ]-VIP cyclo (Lys 21 ->Asp 25 ) 

[Ac-<SEQ ID NO:64)-NH2l 0.22 

Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 Asp 25 / Val 26 / Thr 28 / 
Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -»Asp 25 ) 

[Ac-(SEQ ID NO:65)-NH 2 ] 0.88 

Ac-[p-F-Phe 6 ,Glu 8 ,Lys 12 ,Nle 17 , Asp 25 , Val 26 , Thr 28 , 
Gly 29,30 rThr 31]-viP cyclo Lys 21 -»Asp 25 ) 

[Ac-(SEQ ID NO:66)-NH2l 0.57 

Ac-[Ala 2 ,Glu 8 ,Lys 12 ,Nle 17 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 , 
Gly 29,30 rThr 31]-viP cyclo Lys 21 -»Asp 25 ) 

[Ac-(SEQ ID NO:67)-NH2l 0.19 

Ac- [Glu 8 , Lys 12 , Nle 17 , Asp 25 , Leu 26 , Lys 27 ' 28 , 
Gly 29,30 f Thr 31 ]-VIP cyclo Lys 21 ->Asp 25 ) 

Ac-(SEQ ID NO:68)-NH23 0.43 

Ac-fLys 12 ,Nlel 7 ,Ala 19 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 'Ala 29 - 
31] -viP cyclo (Lys-»Asp 25 ) 

Ac-(SEQ ID NO:69)-NH2] 0.42 



EXAMPLE 53 

Bronchodilator Activity of VIP Analogs 

The in vivo bronchodilator activity of VIP and VIP analogs in guinea pigs was assessed by the tracheal, 
instillation route of administration. This technique utilized male guinea pigs (Hartley strain, Charles River) 
weighing 400 - 600 g. Animals were anesthetized with urethane (2 g/kg) intraperitoneal^ and a polyethylene 
cannula was inserted into the jugular vein for intraveneous drug administration. 

The animals were tracheotomized and dosing solutions of distilled water or test compound dissolved in 
distilled water were administered into the trachea, approximately three-quarters the distance to the carina 
with a pipette. The concentration of the dosing solution was adjusted to deliver a constant volume of 100 
mL The animals were placed supine for one minute to aid drug delivery to the lung. One minute later, 
spontaneous breathing was arrested with succinylcholine chloride (1.2 mg/kg) administered intraveneously, 
and the animals were ventilated with a Harvard Model 680 small animal respirator set at 40 breaths/min and 
4.0 cm 3 stroke volume. The animals were challenged with a maximal constrictory dose of histamine (50 
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mg/kg, i.v.) and tracheal pressure (cm of water) was recorded from a Statham pressure transducer (P 32 
AA). 

The change in tracheal pressure was averaged for at least 3 control and 3 drug-treated animals and 
percent inhibition was calculated. The relative potency of compounds administered by the instillation route 
5 was determined by administering various doses of test compound and calculating the median effective dose 
(ED50 value). The ED50 was determined from log dose-response curves generated by at least 3 doses that 
caused inhibitory effects between 10% and 90%. The correlation coefficients for the regression line of each 
compound was always greater than 0.95. 

For determination of the time course of inhibition for various compounds, the time between administra- 
te tion of compound and challenge with histamine was varied. The time course of activity was calculated as 
the time when inhibition decreased to 40%. 

The results summarized in Table II show the in vivo bronchodilator activity of the VIP analogs in 
comparison to native VIP. 
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TABLE H 

Bronchodilator activity of VIP analogs on guinea pigs 

RD 50 

COMPOUND 

VIP[(Seq ID NO:l)-NH2] 7.3 

Ac-[Lys 12 ,Glu 16 , Nle 17 , Val 26 , Thr 28 ] -VIP cyclo 
(Lys 12 -»Glu 16 ) [Ac-(SEQ ID NO:26)-NH 2 ] 39 

Ac- [ Ly s 12 , Nle 1 7 , Asp 2 4 , Val 2 6 , Thr 2 8 ] -VIP cyclo 
(Lys 20 -»Asp 24 ) [Ac-(SEQ ID NO:27)-NH 2 ] 2.3 

Ac-[Lys 12 ,Nle 17 , Asp 25 , Val 26 , Thr 28 ] -VIP cyclo 
(Lys 21 ->Asp 25 ) [AC-(SEQ ID NO:28)-NH 2 ] 1.2 

Ac-[Lys 12 f Nle 17 ,Ala 19 / Asp 25 f Val 26 / Thr 28 ]-VIP cyclo 
(Lys 21 ->Asp 25 ) [Ac-(SEQ ID NO:29)-NH 2 ] 0.34 

Ac- [p-F-Phe 6 , 2-Nal 10 , Lys 12 , Nle 17 , Asp 25 , Val 2 6 , 
Thr 28 , Gly 29 ' 30 , Met 31 ] -VIP cyclo <Lys 21 -»Asp 25 ) 

[Ac-(SEQ ID NO:30)-NH 2 ] 0.90 

Ac- [ Glu 8 , Orn 12 , Nle 17 , Asp 2 5 , Val 2 6 , Thr 28 ] -VIP cyclo 
(Lys 21 ->Asp 25 ) [Ac-(SEQ ID NO:31)-NH 2 ] 0.19 

Ac-[p-F-Phe 6 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Val 26 , Thr 28 , 
Gly 29 ' 30 ,Cys (Acm) 31 ]-VIP cyclo (Lys 21 -*Asp 25 ) 
[Ac-(SEQ ID NO:32)-NH 2 ] ■ 0.19 
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Ac-[Ala 2 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP 
cyclo (Lys 21 ->Asp 25 ) [Ac- (SEQ ID NO:33)-NH 2 ] 

Ac-[N-Me-Ala 1 ,Lys 12 ,Nle 17 ,Ala 19 f Asp 25 ,Val 26 , 
Thr 28 ] -VIP cyclo (Lys 21 -»Asp 25 ) 
[AC- (SEQ ID NO:34)-NH 2 ] 

Ac- [Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , Lys 27 ' 28 ] -VIP 
cyclo <Lys 21 ->Asp 25 ) [Ac- (SEQ ID NO:38)-NH 2 ] 

Ac-[N-Me-Ala 1 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 2 6, 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 — >Asp 25 ) 
[Ac- (SEQ ID NO:39)-NH 2 ] 

Ac- [Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , Lys 27 ' 28 ] - 
VIP cyclo (Lys 21 -*Asp 25 ) [Ac-(SEQ ID NO:40)-NH 2 ] 

Ac- [Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , Lys 27 ' 28 , 
Ala 29-31]_vip cyclo (Lys 21 ->Asp 25 ) 
[Ac- (SEQ ID NO:42)-NH 2 J 

Ac- [Ala 2 , Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27,2B f Ala 29-31]_viP cyclo (Lys 21 -»Asp 25 ) 

[Ac- (SEQ ID NO:43)-NH 2 ] 

Ac- [ N-Me-Ala 1 , Glu 8 , Lys 12 , Nle 1 7 , Ala 1 9 , Asp 2 5 , Leu 2 6 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 ->Asp 25 ) 
[Ac- (SEQ ID NO:44)-NH 2 ] 

Ac- [ p-F-Phe 6 , Glu 8 , Lys 1 2 , Nle 1 7 , Ala 1 9 , Asp 2 5 , Leu 2 6 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 -*Asp 25 ) 
[Ac- (SEQ ID NO:4 5)-NH 2 ] 
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Ac-[l-Nal 6 ,Glu 8 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ]-VIP cyclo (Lys 21 ->Asp 25 ) 
[Ac-(SEQ ID NO:4 6)-NH 2 ] 

Ac-[Glu 8 ,p-NH2-Phe 10 ,Lys 12 f Nle 17 / Ala 19 / Asp 25 , 
Leu 26 , Lys 27 ' 28 ] -VIP cyclo (Lys 21 ->Asp 25 ) 
[Ac-(SEQ ID NO:47)-NH 2 ] 

Ac-[Glu 8 ,O-CH3-Tyr 10 / Lys 12 / Nle 17 r Ala 19 ,Asp 25 f 
Leu 26 , Lys 27 ' 28 ] -VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:48)-NH 2 ] 

Ac-[p-F-Phe 6 r Lys 12 ,Nle 17 / Ala 1 9 / Asp 25 / Val 2 6,Thr 28 ]- 
VIP cyclo (Lys 21 -*Asp 25 ) [Ac-(SEQ ID NO:49)-NH 2 ] 

Ac-[Ala 2 ,Glu 8 ,Lys 12 ,Nle 17 , Ala 19 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ,Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 ->Asp 25 ) 
[Ac-(SEQ ID NO:51)-NH 2 ] 

Ac-[Glu 8 ,Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , Lys 27 ' 28 , 
Gly 29 ' 30 ,Thr 31 ]-VIP cyclo Lys 21 ->Asp 25 ) 

[Ac-(SEQ ID NO:52)-NH 2 ] 

Ac-[Ala 2 ,Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 ->Asp 25 ) 
[Ac-(SEQ ID NO:53)-NH 2 ] 

Ac- [p-NH 2 -Phe 10 ,Lys 12 ,Nle 17 , Ala 19 , Asp 25 ,Val 26 , 
Thr 28 ]-VIP cyclo (Lys 21 -*Asp 25 ) 
[Ac-(SEQ ID NO:54)-NH 2 ] 
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Ac- [Lys 12 , Nle 17 , Ala 19 , m-OCH 3 -Tyr 22 f As p 25 , Val 2 6 , 
Thr 28 ]-VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:55)-NH 2 ] 

Ac-[Lys 12 / Nle 17 ,Ala 19 ,m-F«L-Tyr 22 / Asp 25 ,Val 2 6 f 
Thr 28 ]-VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:56)-NH 2 ] 

Ac- [Glu 8 , Lys 12 , Nle 17 , Ala 19 , m-OCH3-Tyr 22 , Asp 25 , 
Leu 26 ,Lys 27 ' 28 ]-VIP cyclo <Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:57)-NH 2 ] 

Ac-[Glu 8 f Lys 12 f Nle 17 ,Ala 19 / m-F-L-Tyr 22 / Asp 25 / 
Leu 26 , Lys 27 ' 28 ] -VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:58)-NH 2 ] 

Ac- [Ala 8 f Lys 12 , Nle 17 , Ala 19 , Ala 24 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 -»Asp 25 ) 
[Ac-(SEQ ID NO:5 9)-NH 2 ] 

Ac- [Glu 8 , Lys 12 , Ala 16 ' 17 ' l9 , Asp 25 , Leu 26 , Lys 27 ' 28 ] - 
VIP cyclo (Lys 21 -»Asp 25 ) [Ac-(SEQ ID NO:60)-NH 2 ] 

Ac- [Ala 8 , Lys 12 , Ala 16 , Nle 17 , Ala 19 , Ala 24 , Asp 25 , 
Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys 21 ->Asp 25 ) 

[Ac-(SEQ ID NO:61)-NH 2 ] 

Ac-Ala 8 , Ly s 12 , Ala 1 6 * 1 7 * 1 9 , Ala 2 4 , Asp 2 5 , Leu 2 6 , 
Lys 27 ' 28 ] -VIP cyclo (Lys 21 ->Asp 25 ) 

[Ac-(SEQ ID NO:62)-NH 2 ] 
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Ac- [Glu 8 , Lys* 2 , Ala 16 ' 17 ' 19 , Ala 24 , Asp 25 , Leu 26 , 
Lys 27 ' 28 ]-VIP cyclo (Lys 21 -»Asp 25 ) 

[Ac-(SEQ ID NO:64)-NH2l 0,13 

Ac-[Glu8 / Lys 12 f Nle 17 / Ala 1 9Asp 25 r Val 2 6 f Thr 2 8 f 
Gly 2 9 f 30 /Xhr 31]_viP cyclo (Lys 21 ->Asp 25 ) 

[Ac-(SEQ ID NO:65)-NH 2 ] 0.84 

Ac-[p-F-Phe 6 ,Glu 8 ,Lys 12 , Nle 17 , Asp 25 , Val 26 , Thr 28 , 
Gly 2 9,30 /Thr 31]-viP cyclo Lys 21 ->Asp 25 ) 

[Ac-(SEQ ID NO:66)-NH2l 0.12 

Ac-[Ala 2 ,Glu 8 , Lys 12 , Nle 17 , Asp 25 , Leu 26 , Lys 27 ' 28 , 
Gly 29 ' 30 ,Thr 31 ]-VIP cyclo Lys 21 -*Asp 25 ) 

[Ac-(SEQ ID NO:67)-NH2] 0.077 

Ac- [ Glu 8 , Lys 12 , Nle 17 , Asp 25 , Leu 26 , Lys 27 ' 28 , 
Gly 2 9/ 30 f Thr 31 ]-VIP cyclo Lys 21 ->Asp 25 ) 

Ac-(SEQ ID NO:68)-NH2] 0.04 

Ac- [Lys 12 , Nle 17 , Ala 19 , Asp 25 , Leu 26 , Lys 27 / 28 'Ala 29 ~ 
31] -viP cyclo (Lys-*Asp 25 ) 

Ac-(SEQ ID NO:69)-NH2] 0.04 



Claims 

1. A cyclic peptide of the formula: 



X^ls^er-Asp-Ala-Val-Pho-Thr-Re-Asn-Tyr-Thr-R^ 

Leu-Arg-Lys-G!rvR ir Ala-VaW.ys-Lys-Tyr- [X-(SEQ ID NO:2)-Y] 

Leu-Asp-Ser-R26-Leu-R2rY 

wherein Rs is Asp, Glu or Lys; R12 is Arg, Lys, Orn or Asp; R17 is Met or Nle; R26 is lie or Val; R28 is 
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Asn or Thr; X is hydrogen or a hydrolyzable amino protecting group; Y is hydroxyl or a hydrolyzable 
carboxy protecting group; or pharmaceutical^ acceptable salts thereof. 

2. The cyclic peptide of claim 1 wherein R17 is Nle, Fbe is Val, and R28 is Thr. 

3. The peptide of claim 2 wherein said peptide is Ac-[Lys 12 , Nle^.Val 26 Jhr^J-VIP cyclo (Asp^Lys 12 ) 
[Ac-(SEQ ID NO:20)-NH 2 ]. 

4. The peptide of claim 2 wherein said peptide is Ac-Glu 8 ,Lys 12 , Nle^.VaF.Thr^J-VIP cyclo (Gli^-Lys 12 ) 
[Ac-(SEQ ID NO:21)-NH 2 ]. 

5. The peptide of claim 2 wherein said peptide is Ac-[Orn 12 , Nle 17 , Val 26 , Thr 28 ]- VIP cyclo (Asp 8 — Orn 12 ) 
[Ac-(SEQ ID NO:23)-NH 2 ]. 

6. The peptide of claim 2 wherein said peptide is Ac-ILys 8 ,Asp 12 , Nle^.VaF.Thr^J-VIP cyclo 
(Lys^Asp 12 ) [Ac-(SEQ ID NO:24)-NH 2 ]. 

7. The peptide of claim 2 wherein said peptide is Ac-[Glu 8 , Orn 12 , Nle 17 , Val 26 , Thr 28 ]- VIP cyclo 
(Glu 8 -Orn 12 ) [Ac-(SEQ ID NO:25)-NH 2 ]. 

8. A cyclic peptide of the formula: 

II. 



X-Hls-Ser-Asp-AIa-VahPhe-Thr-Ra-Asp-Tyr-Thr-Lys- 



Leu-Arg-Lys-Gln-R ir Ala-Val-Lys-Lys-Tyr- [X-(SEQ ID NO:4)-Y] 



Leu-Asp-Ser-R 2 6*Leu-R2r Y 



wherein Rs is Asp or Asn; R17 is Met or Nle; R^ is He or Val; R 2 s is Asn or Thr; X is hydrogen or a 
hydrolyzable amino protecting group; Y is hydroxyl or a hydrolyzable carboxy protecting group; or 
pharmaceutical^ acceptable salts thereof. 

9. The peptide of claim 8 wherein said peptide is Ac-[Asn 8 , Asp 9 ,Lys 12 ,Nle 17 ,Val 2S ,Thr 28 ]-VIP cyclo 
(Asp 9 -Lys 12 ) [Ac-(SEQ ID N0:22)-NH 2 ]. 

10. A cyclic peptide of the formula: 

III. 

X-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-AsrvTyr-Thr-Lys- 

1 : — 

Leu-Afg-Lys-Gju-R ir Ala-Val-Lys-Lys-Tyr- 

Leu-Asp-Ser-R 2e -Leu-R2rY [X-(SEQ ID NO:6)-Y] 
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wherein Ri 7 is Met or Nle; R26 is He or Val; R28 is Asn or Thr; X is hydrogen or a hydrolyzable amino 
protecting group; Y is hydroxyl or a hydrolyzable carboxy protecting group; or pharmaceuticaily 
acceptable salts thereof. 

11. The peptide of claim 10 wherein said peptide is Ac-ILys^.Glu^.Nle^.Val^.Thr^J-VIP cyclo 
(Lys 12 -Glu 16 ) [Ac-(SEQ ID NO:26)-NH2]. 

12. A cyclic peptide of the formula: 

IV. 

X-His-Ser-Asp-Ala-Vai-Phe-T?ir-Asp-AsivTyr-Thr-R 1 r 

I 1 

Leu-Arg-Lys-GJn-Ri rAIa-Vai-Lys-Lys-Tyr- 



Leu-Asp-Ser-RarLeu-RarY [X-(SEQ ID NO:8)-Y] 



wherein R12 is Arg or Lys; R17 is Met or Nle; R26 is He or Val; R28 is Asn or Thr; X is hydrogen or a 
hydrolyzable amino protecting group; Y is hydroxyl or a hydrolyzable carboxy protecting group; or 
pharmaceuticaily acceptable salts thereof. 

13. The peptide of claim 12 wherein said peptide is Ac-tLys^.NIe^Asp^Val^Thr^-VIP cyclo 
(Lys 20 -* Asp 24 ) [Ac-(SEQ ID NO:27)-NH 2 ]. 

14. A cyclic peptide of the formula: 

V. 

X*R r R r Asp-Ala- Vai-Rs-Thr-Ra-Asn-R 1 0 -Thr-R 1 r 

I 

Leu-Arg-Lys-Ri6-RirAla-Ri9-Lys-Lys-R2r 

I 

Leu-R 2 4-Asp-R26-R2rR28-Y [X-(SEQ ID NO:10)-Y] 



wherein Ri is His, N-CH 3 -Ala; R 2 is Ser or Ala; Re is 



Q 



H O 



where Q is lower alkyl cyclohexyl or lower alkyl aryl; Rs is Asp, Glu or Ala; Rio is Tyr or Re; Ri 2 is 
Arg or Lys; R16 is Gin or Ala; R17 is Met, Nle or Ala; R19 is Val or Ala; R22 is Tyr or Rs; R24 is Asn or 
Ala; R 2 g is He, Val, or Leu; R27 is Leu or Lys; R28 is Asn, Thr, or Lys; X is hydrogen or a hydrolyzable 
amino protecting group; Y is hydroxyl, a hydrolyzable carboxy protecting group, or R29-R3o-Rai-Z; R29 
is Gly or Ala; R30 is Gly or Ala; R31 is Ala, Met, Cys(Acm), or Thr; Z is hydroxyl or a hydrolyzable 
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carboxy protecting group; or pharmaceutical^ acceptable salts thereof. 

15. The cyclic peptide of claim 14 wherein Q is methyl cyclohexyl. 

16. The cyclic peptide of claim 14 wherein Q is C1-2 alkyl aryl. 

17. The cyclic peptide of claim 16 wherein Q is C1-2 alkyl phenyl in which the phenyl ring is unsubstituted 
or substituted with one or more substitutents selected from OH, OCH 3 , F, C1, I, CH 3 , CF 3 , NO2, NH 2 , 
N(CH 3 )2, NHCOCH3, NHCOCsHs, or C(CH 3 ) 3 . 

18. The cyclic peptide of claim 16 wherein Q is C1-2 alkyl naphthyl in which the naphthyl rings are 
unsubstituted or substituted with one or more substituents selected from OH, OCH 3t F, CI, I, CH 3l CF 3> 
NO2, NH 2 , N(CH 3 )2, NHCOCH 3 , NHCOCsHs, or C(CH 3 ) 3 . 

19. The peptide of claim 14 wherein R 26 is Val and R 28 is Thr [X-(SEQ ID NO:11)-Y]. 

20. The peptide of claim 14 wherein R17 is Nle, R 2 & is Val and Ffea is Thr [X-(SEQ ID NO:12)-Y]. 

21. The peptide of claim 20 wherein said peptide is Ac-[Glu 8 , Orn^.Nle^.Asp^.VaP.Thr^J-VIP cyclo 
(Lys^-Asp 25 ) [Ac-(SEQ ID NO:31)-NH 2 ]. 

22. The peptide of claim 20 wherein Ri 2 is Leu, R17 is Nle, R19 is Ala, R 2 s is Val and R 28 is Thr [X-(SEQ 
ID NO:13)-Y]. 

23. The peptide of claim 22 wherein said peptide is Ac-^-NaPo.Leu^.Nle^.Ala^.Asp^.Val^.Thr^J-VIP 
cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:35)-NH 2 ]. 

24. The peptide of claim 22 wherein said peptide is Ac-IO-Me-Tyr^.Leu^.NLe^^Ala^.Asp^.VaF.Thr 28 ]- 
VIP cyclo [Ac-(SEQ ID NO:36)-NH 2 ]. 

25. The peptide of claim 22 wherein said peptide is Ac-[p-F-Phe 6 ,p-NH 2 - 
Phe 10 ,Leu 12 ,Nle 17 ,Ala 19 > Asp 25 ,Vai 26 l Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:37)-NH 2 ]. 

26. The peptide of claim 20 wherein R12 is Lys, R17 is NLe, Fbe is Val and R28 is Thr [X-(SEQ ID NO:14)- 

Y]. 

27. The peptide of claim 26 wherein said peptide is Ac-[Lys 12 , Nle^.Asp^VaF.Thr^l-VIP cyclo 
(Lys^-Asp 25 ) [Ac-(SEQ ID NO:28)-NH 2 ]. 

28. The peptide of claim 26 wherein said peptide is Ac-[p-F-Phe 6 ,2- 
Nal 10 ,Lys 12 ,Nle 17 ,Asp 25 ,Val 2S Jhr 28 ,Gly 29 ' 30 ,Met 31 ]-VIP (1-31)-NH 2 cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
NO:30)-NH 2 ]. 

29. The peptide of claim 26 wherein said peptide is Ac-[p-F- 
Phe 6 ,Glu 8 l Lys 12 ,Nle 17 ,Asp 25 ,Val 25 ,Thr 28 ,GIy 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:66)- 
NH 2 ]. 

30. The peptide of claim 20 wherein Ri 2 is Lys, R17 is Nle, R19 is Ala, R 2G is Val and R 28 is Thr [X-(SEQ 
ID NO:15)-Y]. 

31. The peptide of claim 30 wherein said peptide is Ac-[Lys 12 , Nle 17 , Ala 19 , Asp 25 , Val 26 , Thr 28 ]- VIP cyclo 
(Lys^-Asp 25 ) [Ac-(SEQ ID NO:29)-NH 2 ]. 

32. The peptide of claim 30 wherein said peptide is Ac-[p-F- 
Phe^Lys 12 ) Nle 17 ,Ala l9 t Asr^ 25 yal 2 ^Thr 28 ,Gly 29 • 30 ,Cys(Acm) 3l ]-VIP (1-31)-NH 2 cyclo (Lys 21 -Asp 25 ) [Ac- 
(SEQ ID NO:32)-NH 2 ]. 
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33. The peptide of claim 30 wherein said peptide is Ac-fAla 2 , Lys 12 Nle 17 ,Ala l9 > Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo 
(Lys^-Asp 25 ) [Ac-(SEQ ID NO:33)-NH 2 ]. 

34. The peptide of claim 30 wherein said peptide is Ac-[N-Me-Ala\ Lys l2 ,Nle l7 P Ala 19 ,Asp 25 ,Val 26 ,Thr 28 hVIP 
cyclo (Lys 21 - Asp 25 ) [Ac-(SEQ ID NO:34)-NH2]. 

35. The peptide of claim 30 wherein said peptide is Ac-[0-Me-Tyr 10 Lys 12 ,Nle 17 ,Ala 19 .Asp 25 ,Val 2e ,Thr 28 ]-VIP 
cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:41)-NH 2 ]. 

36. The peptide of claim 30 wherein said peptide is Ac-[p-F-Phe 6 Lys^.Nle^.Ala^.Asp^.VaP.Thr^l-VIP 
cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:49)-NH 2 ]. 

37. The peptide of claim 30 wherein said peptide is Ac-tl-Nal^Lys^.Nle^.Ala^.Asp^.Val^.Thr^J-VIP 
cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:50)-NH 2 ]. 

3a The peptide of claim 30 wherein said peptide is Ac-Ip-N^-Phe^.Lys^.Nle^.pAla^^sp^.VaF.Thr 28 ]- 
VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:54)-NH 2 ]. 

39. The peptide of claim 30 wherein said peptide is Ac-[Lys 12 , Nle 17 ,Ala 19 l m-OCH 3 -Tyr 22 f Asp 25 ,Val 26 > Thr 28 ]- 
VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:55)-NH 2 ]. 

40. The peptide of claim 30 wherein said peptide is Ac-[Lys 12 , Nle^Ala^.m-F-L-Tyr^.Asp^.Val 26 , Thr 28 ]- 
VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:56)-NH 2 ]. 

41. The peptide of claim 30 wherein said peptide is Ac-[Glu 8 , 
Lys 12 ,Nle 17 ,Ala l9 > Asp 25 ,Val 26 ,Thr 28 ,Gly 29 ' 30 Jhr 3l ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:65)-NH 2 ]. 

42. The peptide of claim 14 wherein R 2G is Leu and R 2 7 and R 28 are both Lys [X-(SEQ ID NO:16)-Y]. 

43. The peptide of claim 42 wherein Ri 2 is Lys, R17 is Ala, R19 is Ala, R^ is Leu and R 2 7 and R 28 are 
both Lys [X-(SEQ ID NO:17)-Y]. 

44. The peptide of claim 43 wherein said peptide is Ac-[Glu,Lys 12 « Ala^^'^Asp^.Leu^Lys 27 ' 28 ]-^ cyclo 
(Lys^-Asp 25 ) [Ac-(SEQ ID NO:60)-NH 2 ]. 

45. The peptide of claim 43 wherein said peptide is Ac-[Ala 8 , Lys 1 2 , Ala 1 6,1 7 ' 19 , Ala 2 *, Asp 25 .Leu 26 , Lys 27 * 28 ]- 
VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:62)-NH 2 ]. 

46. The peptide of claim 43 wherein said peptide is Ac-[Glu 8 ,Lys 12 l Ala 16 ' 17 * 19 ,Ala 2 +,Asp 25 ,Leu 26 ,Lys 27 - 28 ]-VIP 
cyclo (Lys 21 -* Asp 25 ) [Ac-(SEQ ID NO:64)-NH 2 ]. 

47. The peptide of claim 42 wherein R 12 is Lys, R17 is Nle, R 2 s is Leu and R^ and R 28 are both Lys [X- 
(SEQ ID NO:18)-Y]. 

48. The peptide of claim 47 wherein said peptide is Ac-[Ala 2 , Gl^.Lys^.Nle^.Asp^.Leu^.Lys 27,28 , 
Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:67)-NH 2 ]. 

49. The peptide of claim 47 wherein said peptide is Ac-[Glu 8 , Lys 12 ,Nle 17 ,Asp 25 ,Leu 26 ,Lys 27,28 , 
Gly 29 30 ,Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:68)-NH 2 ]. 

50. The peptide of claim 47 wherein R^ 2 is Lys, R17 is Nle, R19 is Ala, R 2 s is Leu and R 27 and R 28 are 
both Lys [X-(SEQ ID NO:19)-Y]. 

51. The peptide of claim 50 wherein Ri 2 is Lys, Ru is Gin, R17 is Nle, R19 is Ala, R 2 g is Leu, and R 2 7 and 
R 28 are both Lys [X-(SEQ ID NO:70)-Y]. 

52. The peptide is claim 51 wherein R 2 is Ser, Ri 2 is Lys, Ru is Gin, R17 is Nle, R19 is Ala, R 2 6 is Leu, 
and R27 and R 28 are both Lys [X-(SEQ ID NO:71)-Y]. 
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53. The peptide of claim 52 wherein said peptide is Ac-[Lys 12 , Nle l7 ,Ala 19 ,Asp 25 > Leu 26 ,Lys 27 ' 28 }-VIP cyclo 
(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:38)-NH 2 ]. 

54. The peptide of claim 52 wherein said peptide is Ac-IN-Me-AlaMys^.Nle^.Ala^^Asp^Xeu 26 , Lys 27>28 h 
VIP cyclo (Lys^Asp 25 ) [Ac-(SEQ ID NO:39)-NH 2 ]. 

55. The peptide of claim 52 wherein said peptide is Ac-tGlu^Lys^.Nle^.Ala^.Asp^.Leu^.Lys 27 ' 28 ]-^? 
cyclo (Lys 21 -*Asp 25 ) [Ac-(SEQ ID NO:40)-NH2]. 

56. The peptide of claim 52 wherein said peptide is AcIGIuS.Lys^.Nle^.Ala^^sp^.Leu^.Lys 27 * 28 , 
Ala 29 " 31 hVIP cyclo [Ac-(SEQ ID NO:42)-NH 2 ]. 

57. The peptide of claim 52 wherein said peptide is Ac-[N-Me- 
Ala 1 ,Glu 8 > Lys 12 ,Nle 17 ,Ala l9 ,Asp 25 ,Leu 26 t Lys 27 ' 28 hVIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:44)-NH 2 ]. 

58. The peptide of claim 52 wherein said peptide is Ac-[p-F- 
Phe 6 l Glu 8 ,Lys 12 ,Nle l7 ,Ala 19 ,Asp 25 ,Leu 25 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:45)-NH 2 ]. 

59. The peptide of claim 52 wherein said peptide is Ac-fl-Na^.GI^.Lys^.Nle^.Ala^.Asp^.Leu^.Lys 27 ' 28 ]- 
VIP cyclo (Lys 21 -*Asp 25 ) [Ac-(SEQ ID NO:46)-NH 2 ]. 

60. The peptide of claim 52 wherein said peptide is Ac-[Glu 8 ,p-NH 2 - 
Phe l0 ,Lys 12 ( Nle 17 > Ala 19 ,Asp 25 ( Leu 26 I Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:47)-NH 2 ]. 

61. The peptide of claim 52 wherein said peptide is Ac-[Glu 8 ,0-Me- 
Tyr 10 ,Lys 12 Nle 17 ,Ala 19 ,Asp 25 ,Leu 2$ ,Lys 27 - 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:48)-NH 2 ]. 

62. The peptide of claim 52 wherein said peptide is Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Ala l9 ,Asp 25 > Leu 2S , Lys 27 ' 28 ,Gly 29 ' 30 , 
Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:52)-NH 2 ]. 

63. The peptide of claim 52 wherein said peptide is Ac-tGluMys^.Nle^.Ala^.m-OCHa- 
Tyr 22 p Asp 25 ,Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:57)-NH 2 ]. 

64. The peptide of claim 52 wherein said peptide is Ac-[Glu 8 ,Lys 12 p Nle 17 ,Ala l9 ,m-F-L- 
Tyr 22 > Asp 25 ,Leu 26 ,Lys 2728 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:58)-NH 2 ]. 

65. The peptide of claim 52 wherein said peptide is Ac-[Ala 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Ala 24 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ]- 
VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:59)-NH 2 ]. 

66. The peptide of claim 52 wherein said peptide is Ac-tLys^.Nle^.Ala^.Asp^.Leu^.Lys 27 ' 28 ^^ 29 " 31 ]-^? 
cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:69)-NH 2 ]. 

67. The peptide of claim 51 wherein R 2 is Ala, Ri 2 is Lys, Rig is Gin, R17 is Nle, R19 is Ala, R 2 e is Leu, 
and R 27 and R 28 are both Lys p<-SEQ ID NO:72)-Y]. 

68. The peptide of claim 67 wherein said peptide is Ac-[Ala 2 ,Glu 8 ,Lys 12 , Nle 17 , Ala 19 .Asp 25 , Leu 26 ' 
Lys 27 - 28 ,Ala 29 - 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:43)-NH 2 ]. 

69. The peptide of claim 67 wherein said peptide is Ac- 
[Ala 2 ,Glu 8 ,Lys 12 ,Nle l7 ,Ala l9 ,Asp 25 ,Leu 26 ,Lys 27 - 28 ,Gly 29 ' 30 , Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
NO:51)-NH 2 ]. 

70. The peptide of claim 67 wherein said peptide is Ac-[Ala 2 ,Glu 8 ,Lys 12 > Nle 17 ,Ala 19 l Asp 25 ,Leu 26 ,Lys 27 ' 28 ]-VIP 
cyclo (Lys^Asp 25 ) [Ac-(SEQ ID NO:53)-NH 2 ]. 

71. The peptide of claim 50 wherein R12 is Lys, Ru is Ala, R17 is Nle, R19 is Ala, R26 is Leu, and R27 and 
R 28 are both Lys [X-SEQ ID NO:73)-Y]. 
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72. The peptide of claim 71 wherein said peptide is Ac- 
[Ala 8 ,Lys 12 ,Ala 16 ,Nle 17 ^VIa 19 ,Ala 24 ,Asp 25 l Leu 26 ,Lys 27 ' 28 hVIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:61)- 
NH 2 ]- 

73. The peptide of claim 71 wherein said peptide is Ac-[Glu 8 ,Lys 12 ,Ala l6 ,Nle 17 ,Ala 19 ,Asp 25 l Leu 25 ,Lys 27,28 h 
VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:63)-NH2]. 

74. A cyclic peptide as claimed in any one of claims 1, 8, 10, 12 or 14 as a therapeutic agent. 

75. A cyclic peptide as claimed in any one of claims 1, 8, 10, 12 or 14 as a bronchodilator. 

76. The cyclic peptide Ac-[Glu^ys l2 ,Nle 17 ,Ala 19 ' Asp^.Leu^.Lys^^.Gly^Jhr^J-VIP cyclo 
(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:52)-NH 2 ] as a therapeutic agent. 

77. The cyclic peptide Ac-[Glu 8 I Lys 12 ,Nle 17 ,Ala 19 Asp 25 I Leu^.Lys^-^.GIy^.Thr^J-VIP cyclo 
(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:52)-NH 2 ] as a bronchodilator. 

7a A process for the preparation of a cyclic peptide as claimed in any one of claims 1, 8, 10, 12 or 14 
characterized in that 

a) a protected and resin bound peptide of corresponding amino acid sequence is selectively 
deprotected to generate a free side chain amino group and a free side chain carboxyl group; 

b) the free side chain amino group and the free side chain carboxyl group are covalently linked with 
an appropriate amide forming reagent; and 

c) deprotecting and cleaving the cyclized peptide from the resin by treatment with a suitable 
deprotection and cleavage reagent, if desired in the presence of further suitable additives as cation 
scavengers and, if desired, converting the cyclic peptide into a pharmaceutical^ acceptable salt. 

79. A pharmaceutical composition containing a cyclic peptide as claimed in any one of claims 1 to 73 and 
a non-toxic inert, therapeutically acceptable carrier material. 

80. A pharmaceutical composition for the treatment of bronchotracheal constrictive disorders, such com- 
position containing an effective amount of a cyclic peptide as claimed in any one of claims 1 to 73 and 
a non-toxic pharmaceutical^ acceptable liquid or solid carrier. 

81. The use of a cyclic peptide as claimed in any one of claims 1 to 73 for the preparation of a 
pharmaceutical composition for the treatment of various disorders. 

82. The use of a cyclic peptide as claimed in any one of claims 1 to 73 for the preparation of a 
pharmaceutical composition for the treatment of bronchotracheal constrictive disorders. 

PatentansprUche 

1. Ein zyklisches Peptid der Formel: 

I. 



X-His-Ser-Asp-Ala-Val-Phe-Ttir-Re-AsrvTyr-Thr-Rir 

Leu-ArB-Lys-Gln-R ir Ala-Val-Lys-Lys-Tyr- [x-(SEQ ID NO:2)-Y] 

Leu-Asp-Ser-R26-Leu-R28-Y 
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wobei Rs Asp, Glu oder Lys ist; R12 Arg, Lys, Orn Oder Asp ist; R17 Met oder Nle ist; R26 He oder Val 
ist; R28 Asn oder Thr ist; X Wasserstoff oder eine hydrolisierbare Aminoschutzgruppe ist; Y Hydroxyl 
oder eine hydrolisierbare Carboxyschutzgruppe ist; oder pharmazeutisch geeignete Salze davon. 

5 2. Das zyklische Peptid gemass Anspruch 1, wobei R17 Nle , R26 Val, und R 2 8 Thr ist. 

a Das Peptid gemass Anspruch 2, wobei besagtes Peptid Ac-tLys^.Nle^.VaF.Thr^J-VIP cyclo 
(Asp^Lys 12 ) [Ac-(SEQ ID NO:20>NH 2 ] ist. 

10 4. Das Peptid gemass Anspruch 2, wobei besagtes Peptid Ac-[Glu 8 ,Lys 12 , Nle^.Val^.Thr^J-VIP cyclo 
(Glu 8 -Lys 12 ) [Ac-(SEQ ID NO:21)-NH 2 ] ist. 

5. Das Peptid gemass Anspruch 2, wobei besagtes Peptid Ac-[Orn 12 , Nle 17 , Val 26 , Thr 28 ]- VIP cyclo 
(Lyss-Orn 12 ) [Ac-(SEQ ID NO:23)-NH 2 ] ist. 

15 

6. Das Peptid gemass Anspruch 2, wobei besagtes Peptid Ac-fLys 8 ,Asp 12 , Nle^.VaF.Thr^J-VIP cyclo 
(Lys 8 -Asp 12 ) [Ac-(SEQ ID NO:24)-NH 2 ] ist. 

7. Das Peptid gemass Anspruch 2, wobei besagtes Peptid Ac-[Glu 8 ,Orn 12 Nle^.Val^.Thr^J-VlP cyclo 
20 (Glu 8 -Orn 12 ) [Ac-(SEQ ID NO:25)-NH 2 ] ist. 

8. Ein zyklisches Peptid der Formel: 

II . 



25 



30 



l 1 

X-His-Ser-Asp-AJa-Val-Phe-Thr-Re-Asp-Tyr-Thr-Lys- 



Leu-Afg-Lys-GyvR ir Ala-VaHys-Lys-Tyr- [x-(SEQ ID NO:4)-Y] 

35 Leu-Asp-Ser-R2e-Leu-R2rY 

wobei Rs Asp oder Asn ist; R17 Met oder Nle ist; R 26 He oder Val ist; R 2 s Asn oder Thr ist; X 
Wasserstoff oder eine hydrolisierbare Aminoschutzgruppe ist; Y eine Hydroxyl- oder eine hydrolisierba- 
40 re Carboxyschutzgruppe ist; oder pharmazeutisch geeignete Salze davon. 

9. Ein Peptid gemass Anspruch 8, wobei besagtes Peptid Ac-[Asn 8 ,Asp 9 , Lys^.Nle^.VaF.Thr^J-VIP 
cyclo (Asp 9 -Lys 12 ) [Ac-(SEQ ID NO:22)-NH 2 ] ist. 

45 



50 



55 
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10. Ein cyclisches Peptid der Formel: 

III. 
I I 

X-His-Ser-Asp-Ala-Val-Ph©-Thr-Asp-Asn-Tyr-Thr-Lys- 

I 

Leu-Arg-Lys-GkJ-RiT-Ala-Val-Lys-Lys-Tyr- 

Leu-Asp-Ser-R26-Leu-R28-Y [X-(SEQ ID NO:6)-Y] 

wobei R17 Met Oder Nle ist; R26 He Oder Val ist; R28 Asn Oder fhr ist; X Wasserstoff oder eine 
hydrolisierbare Aminoschutzgruppe ist; Y eine Hydroxyl- oder eine hydrolisierbare Carboxyschutzgrup- 
pe ist; oder pharmazeutisch geeignete Salze davon. 

11. Das Peptid gemass Anspruch 10, wobei besagtes Peptid Ac-[Lys 12 , Glu^.Nle^.VaF.Thr^hVIP cyclo 
(Lys 12 ->Glu' 6 ) [Ac-(SEQ ID NO:26)-NH 2 ] ist. 

12. Ein cyclisches Peptid der Formel: 

IV. 

X-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-Ri r 

l 1 

Leu-Arg-Lys-GIn-RirAla-Val-Lys-Lys-Tyr- 



Leu-Asp-Ser-Ra6-Leu-R28-Y [X-(SEQ ID NO:8)-Y] 



wobei R12 Arg oder Lys ist; R17 Met oder Nle ist; R26 He Oder Val ist; R28 Asn oder Thr ist; X 
Wasserstoff oder eine hydrolisierbare Aminoschutzgruppe ist; Y eine Hydroxyl- oder eine hydrolisierba- 
re Carboxyschutzgruppe ist; oder pharmazeutisch geeignete Salze davon. 

13. Das Peptid gemass Anspruch 12, wobei besagtes Peptid Ac-[Lys 12 f Nle^^Asp^VaF.Thr^J-VIP cyclo 
(Lys^-Asp 2 *) [Ac-(SEQ ID NO:27)-NH 2 ] ist. 
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14. Ein cyclisches Peptid der Formel: 



V. 



X-Ri-R2-Asp-Ala-Val-R6-'nir-RrAsn-R 1 o-Thr-Ri2- 

I 1 

Leu-Arg-Lys-Ri6-RirAla-R 19 -Lys-Lys-R2r 

I 

Leu-Ra«-Asp-Ra6-R27-fl28-Y [x-(SEQ id no:10)-Y] 



wobei Ri His Oder N-CH 3 -Ala ist; R2 Ser oder Ala ist; R« 

Q 

H O 

worin Q ein niederes Alkylcyclohexyl Oder niederes Alkylaryl ist; Rs Asp, Glu Oder Ala ist; R10 Tyr 
oder FU ist; R12 Arg oder Lys ist; Ru Gin Oder Ala ist; R17 Met, Nle oder Ala ist; Ri 9 Val Oder Ala ist; 
R22 Tyr oder Rs ist; R2+ Asn oder Ala ist; R26 He, Val oder Leu ist; R27 Leu oder Lys ist; R28 Asn, Thr 
oder Lys ist; X Wasserstoff eine hydrolisierbare Aminoschutzgruppe ist; Y Hydroxyl, eine hydrolisierba- 
re Carboxyschutzgruppe oder R29-R30-R31-Z ist; R29 Gly oder Ala ist; R30 Gly oder Ala ist; R31 Ala, 
Met, Cys (Acm) oder Thr ist; Z Hydroxyl oder eine hydrolisierbare Carboxyschutzgruppe ist; oder 
pharmazeutisch geeignete Salze davon. 

15. Das zyklische Peptid gemass Anspruch 14, wobei Q Methylcyclohexyl ist. 

16. Das zyklische Peptid gemass Anspruch 14, wobei Q C1-2 Alkylaryl ist. 

17. Das zyklische Peptid gemass Anspruch 16, wobei Q C1-2 Alkylphenyl ist, in dem der Phenylring 
unsubstituiert oder mit einem oder mehreren Substituenten ausgewahlt aus OH, OCH 3 , F, CI, I, CH 3 , 
CF 3 , N0 2 , NH 2 , N(CHs)2, NHCOCH3, NHCOCsH 5 oder C(CH 3 ) 3 substituiert ist. 

18. Das zyklische Peptid gemass Anspruch 16, wobei Q C1-2 Alkylnaphthyl ist, in dem die Naphthylringe 
unsubstituiert oder mit einem oder mehreren Substituenten ausgewahlt aus OH, OCH 3 , F, CI, I, CH 3 , 
CF 3 , N0 2 , NH 2 , NfCHa^, NHCOCH3, NHCOCeHs oder C(CH 3 ) 3 substituiert sind. 

19. Das Peptid gemass Anspruch 14, wobei R 2 b Val und R 2 s Thr ist [X-(SEQ ID NO:11)-Y]. 

20. Das Peptid gemass Anspruch 14, wobei R17 Nle, R26 Val und R 28 Thr ist [X-(SEQ ID NO:12)-Y]. 

21. Das Peptid gemass Anspruch 20, wobei besagtes Peptid Ac-[Glu 8 , Om^.Nle^.Asp^.Val^Jhr^-VIP 
cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:31)-NH 2 ] ist. 

22. Das Peptid gemass Anspruch 20, wobei R12 Leu, R17 Nle, R19 Ala, R 2 b Val und R 2 s Thr ist [X-(SEQ ID 
NO:13)-Y]. 

23. Das Peptid gemass Anspruch 22, wobei besagtes Peptid Ac-[2- 
NaP°,Leu 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:35)-NH 2 ] ist. 
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24. Das Peptid gemass Anspruch 22, wobei besagtes Peptid Ac-[0-Me- 
TH 10 ,Leu 12 ,Nle 17 ,Ala t9 f Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo [Ac-(SEQ ID NO:36)-NH 2 ] ist. 

25. Das Peptid gemass Anspruch 22, wobei besagtes Peptid Ac-[p-F-Phe 6 ,p-NH 2 - 
5 Phe 10 ,Leu 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 26 .Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:37)-NH2] ist. 

26. Das Peptid gemass Anspruch 20, wobei R12 Lys, R17 Nle, R26 Val und Fbs Thr ist [X-(SEQ ID NO:14)- 

n 

10 27. Das Peptid gemass Anspruch 26, wobei besagtes Peptid Ac-[Lys 12 , Nle 17 , Asp 25 , Val 26 , Thr 28 ]- VIP cyclo 
(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:28)-NH 2 ] ist. 

2a Das Peptid gemass Anspruch 26, wobei besagtes Peptid Ac-[p-F-Phe e ,2- 
Napo.Lys^.Nle^.Asp^yal^.Thr^.Gly^^.Me^^VIP (1-31)-NH 2 cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID 
75 NO:30)-NH 2 ] ist. 

29. Das Peptid gemass Anspruch 26, wobei besagtes Peptid Ac-[p-F- 
Phe 6 ,Glu 8 ,Lys 12 Nle 17 l Asp 25 ,Val 26 ,Thr 28 ,Gly 29 - 30 ,Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:66)- 
NH 2 ]ist. 

20 

30. Das Peptid gemass Anspruch 20, wobei Ri 2 Lys, R17 Nle, R19 Ala, R 2 & Val und R 2 s Thr ist [X-(SEQ ID 
NO:15)-Y]. 

31. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[Lys 12 , Nle 17 ,Ala 19 ,Asp 25 > Val 26 ,Thr 28 ]-VIP 
25 cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:29)-NH 2 ] ist. 

32. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[p-F- 
Phe^Lys^.Nle^Ala^Asp 25 ^ (1-31)-NH 2 cyclo (Lys^-Asp 25 ) [Ac- 
(SEQ ID NO:32)-NH 2 ]ist. 

30 

33. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[Ala 2 , Lys 12 , Nle 17 , Ala 19 , Asp 25 , Val 26 .Thr 28 ]- 
VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:33)-NH 2 ] ist. 

34. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[N-Me- 
35 Ala 1 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:34)-NH 2 ] ist. 

35. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[0-Me- 
TH^.Lys^.Nle^.Ala^.Asp^.Val^Jhr^l-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:41)-NH 2 ] ist. 

40 36. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[p-F- 
Phe 6 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Val 25 ,Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:49)-NH 2 ] ist. 

37. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[1- 
Nal 6 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 2S ,Val 25 ,Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) (Ac-(SEQ ID NO:50)-NH 2 ] ist. 

45 

38. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[p-NH 2 - 
Phe 10 ,Lys 12 ,Nle 17 l Ala 19 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:54)-NH 2 ] ist. 

39. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[Lys 12 , Nle 17 ,Ala 19 ,m-OCH3- 
50 Tyr^.Asp 25 .Val 26 Jhr 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:55)-NH 2 ] ist. 

40. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[Lys 12 , Nle 17 ,Ala 19 ,m-F-L- 
Tyr^.Asp^.Val^Jhr^J-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:56)-NH 2 ] ist. 

55 41. Das Peptid gemass Anspruch 30, wobei besagtes Peptid Ac-[Glu 8 , 
Lys 12 P Nle 17 ,Ala 19 ,Asp 25 ,Val 26 ,Thr 28 ,Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:65)-NH 2 ] ist. 
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42. Das Peptid gemass Anspruch 14, wobei Ffee Leu und R27 und R28 beide Lys sind [X-(SEQ ID NO:16)- 

n 

4a Das Peptid gemass Anspruch 42, wobei R12 Lys, R17 Ala, R19 Ala, R2& Leu und R27 und R28 beide 
Lys sind [X(SEQ ID NO:17)-Y]. 

44. Das Peptid gemass Anspruch 43, wobei besagtes Peptid Ac-[Glu,Lys 12 ' Ala 1 6(1 7(1 9 , Asp 25 , Leu 26 .Lys 27 * 28 ]- 
VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:60)-NH2] ist. 

45. Das Peptid gemass Anspruch 43, wobei besagtes Peptid Ac-[Ala 8 , 
Lys 12 ,Ala 16 - 17 ' 19 ,Ala 2 *,Asp 25 ,Leu 26 ,Lys 2728 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:62)-NH 2 ] ist. 

46. Das Peptid gemass Anspruch 43, wobei besagtes Peptid Ac- 
[Glu 8 ,Lys 12 ,Ala 16 ' 1719 ,Ala 24 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:64)-NH2] ist. 

47. Das Peptid gemass Anspruch 42, wobei R12 Lys ist, R17 Nle ist, R26 Leu ist und R27 und R28 beide 
Lys sind [X-(SEQ ID NO:18)-Y]. 

48. Das Peptid gemass Anspruch 47, wobei besagtes Peptid Ac-[Ala 2 , 
Glu 8 ,Lys 12 ,Nle 17 ,Asp 25 ,Leu 26 ,Lys 27>28 ,Gly 29 ' 30 ,Thr 3l ]-VIP cyclo (Lys^Asp 25 ) [Ac-(SEQ ID NO:67)-NH 2 ] 
ist. 

49. Das Peptid gemass Anspruch 47, wobei besagtes Peptid Ac-[Glu 8 , 
Lys 12 ,Nle 17 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ,Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:68)-NH 2 ] ist. 

50. Das Peptid gemass Anspruch 47, wobei R12 Lys ist, R17 Nle ist, R19 Ala ist, R26 Leu ist und R27 und 
R 28 beide Lys sind [X-(SEQ ID NO:19)-Y]. 

51. Das Peptid gemass Anspruch 50, wobei R12 Lys ist, R12 Gin ist, R17 Nle ist, R19 Ala ist, R 2 e Leu ist 
und R 27 und R 28 beide Lys sind [X-(SEQ ID NO:70)-Y]. 

52. Das Peptid gemass Anspruch 51, wobei R2 Ser ist, R12 Lys ist, R15 Gin ist, R17 Nle ist, R19 Ala ist, 
R26 Leu ist und R27 und R 2 s beide Lys sind [X-(SEQ ID NO:71)-Y]. 

5a Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-[Lys 12 , Nle^Ala^Asp^.Leu^Lys 27 ' 28 ]- 
VIP cyclo (Lys 21 - Asp 25 ) [Ac-(SEQ ID NO:38)-NH 2 ] ist. 

54. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-[N-Me- 
AI^.Lys^.Nle^.Ala^.Asp^.Leu^.Lys 27 ' 28 ]-^? cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:39)-NH 2 ] ist. 

55. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac- 
[Glu 8 ,Lys l2 ,Nle 17 ,Ala ,9 ,Asp 25 ,Leu 26 ,Lys 27 - 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:40)-NH 2 ] ist. 

56. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac- 
[Glu 8 ,Lys 12 ,Nle 17 ,A!a l9 ,Asp 25 ,Leu 2S ,Lys 27 ' 28 ,Ala 29 - 31 ]-VIP cyclo [Ac-(SEQ ID NO:42)-NH 2 ] ist. 

57. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-[N-Me- 
Ala 1 ,Glu 8 ,Lys l2 ,Nle 17 ,Ala l9 > Asp 25 ,Leu 26 l Lys 27 - 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:44)-NH 2 ] ist. 

58. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-[p-F- 
Phe 6 ,Glu 8 ,Lys 12 ,Nle 17 ,Ala l9 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:45)-NH 2 ] ist. 

59. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-[1- 
Nal 6 ,Glu 8 ,Lys l2 ,N!e 17 ,Ala l9 ,Asp 25 ,Leu 26 l Lys 27 - 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:46)-NH 2 ] ist. 

60. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-[Glu 8 ,p-NH 2 - 
Phe 10 ,Lys l2 ,Nle l7 ,Ala l9 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:47)-NH 2 ] ist. 
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61. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-fGlu 8 ,0-Me- 
Tyr 10 ,Lys 12 ,Nle 17 ,Ala l9 .Asp 25 ,Leu 26 l Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:48)-NH2] ist. 

62. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac- 
[Glu 8 .Lys 12 ,Nle 17 l Ala l9 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ,Gly 2930 ,Thr 3l ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:52)- 
NH 2 ] ist. 

63. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 l m-OCH 3 - 
Tyr 22 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 hVIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:57)-NH 2 ] ist. 

64. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac-[G!u 8 ,Lys 12 Nle^Ala^.m-F-L- 
Tyr^Asp^Leu^Lys 27 * 28 ]-^ cyclo (Lys 2t -Asp 25 ) [Ac-(SEQ ID NO:58)-NH 2 ] ist. 

65. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac- 
[Ala 8 ,Lys 12 , Nle 17 ,Ala l9 ,Ala 24 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:59)-NH2] ist. 

66. Das Peptid gemass Anspruch 52, wobei besagtes Peptid Ac- 
[Lys l2 ,Nle 17 ,Ala 19 ,Asp 2S ,Leu 26 ,Lys 2728 ,Ala 29 - 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:69)-NH 2 ] ist. 

67. Das Peptid gemass Anspruch 51, wobei R 2 Ala ist, Ri 2 Lys ist, Ru Gin ist, R17 Nle ist, R19 Ala ist, R 2 6 
Leu ist und R 27 und R 28 beide Lys sind [X-SEQ ID NO:72)-Y]. 

68. Das Peptid gemass Anspruch 67, wobei besagtes Peptid Ac- 
[Ala 2 ,Glu 8 ,Lys 12 ,Nle 17 l Ala 19 ,Asp 25 ,Leu 26 ,Lys 2728 ,Ala 29 - 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:43)- 
NH 2 ] ist. 

69. Das Peptid gemass Anspruch 67, wobei besagtes Peptid Ac- 
[Ala 2 ,Glu 8 f Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 ,Lys 27 - 28 ,Gly 29 ' 30 , Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID 
NO:51)-NH 2 ]ist. 

70. Das Peptid gemass Anspruch 67, wobei besagtes Peptid Ac- 
[Ala 2 ,Glu 8 ,Lys l2 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 2S ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:53)-NH 2 ] ist. 

71. Das Peptid gemass Anspruch 50, wobei Ri 2 Lys ist, Rig Ala ist, R17 Nle ist, R19 Ala ist, R 2 6 Leu ist 
und R 27 und R 28 beide Lys sind [X-SEQ ID NO:73)-Y]. 

72. Das Peptid gemass Anspruch 71, wobei besagtes Peptid Ac- 
[Ala 8 ,Lys 12 ,Ala l6 ,Nle 17 ,Ala 19 ,Ala 2 *,Asp 25 ,Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:61)- 
NH 2 ] ist. 

73. Das Peptid gemass Anspruch 71, wobei besagtes Peptid Ac- 
[Glu 8 ,Lys 12 Ala 16 ,Nle l7 ,Ala 19 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:63)-NH 2 ] 
ist. 

74. Ein zyklisches Peptid wie in einem der Anspruche 1, 8, 10, 12 oder 14 als therapeutisches Mittel. 

75. Ein zyklisches Peptid wie in einem der Anspruche 1, 8, 10, 12 Oder 14 als Bronchodilator. 

76. Ein zyklisches Peptid Ac-lGluS.Lys^.Nle^.Ala^.Asp^.Leu^.Lys^.Gly^^.Thr^J-VIP cyclo 
(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:52)-NH 2 ] als therapeutisches Mittel. 

77. Ein zyklisches Peptid Ac-lGluS.Lys^.Nle^.Ala^.Asp 25 , Leu^.Lys^'^.GIy^^.Thr^J-VIP cyclo. 
(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:52)-NH 2 ] als Bronchodilator. 

7a Ein Verfahren zur Herstellung eines zyklischen Peptids wie in einem der Anspruche 1, 8, 10, 12 oder 
14 beansprucht, dadurch gekennzeichnet, dass 

a) ein geschutztes und an ein Harz gebundenes Peptid mit einer entsprechenden Aminosaurese- 
quenz selektiv zur Bildung einer freien Seitenketten-Aminogruppe und einer freien Seitenketten- 
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Carboxygruppe freigesetzt wird; 

b) die freie Seitenketten-Aminogruppe und die freie Seitenketten-Carboxygruppe kovalent mit einem 
geeigneten Amid-bildenden Reagenz verbunden werden; und 

c) Freisetzung und Abspaltung des zyklischen Peptids vom Harz durch Behandlung mit einem 
geeigneten Freisetzungs- und Abspaltungsreagenz erfolgen, falls gewunscht in Gegenwart weiterer 
geeigneter Additive als Kationenfanger und, falls gewUnscht, das zyklische Peptid in ein pharmazeu- 
tisch geeignetes Salz umgewandelt wird. 

79. Eine pharmazeutische Zusammensetzung enthaltend ein zyklisches Peptid wie in einem der AnsprUche 
1 bis 73 beansprucht und ein nicht toxisches inertes, pharmazeutisch geeignetes Tragermaterial. 

80. Eine pharmazeutische Zusammensetzung fur die Behandlung bronchotrachealer konstringierender 
Krankheiten, wobei eine solche Zusammensetzung eine wirksame Menge eines zyklischen Peptids wie 
in einem der AnsprOche 1 bis 73 beansprucht und einen nicht toxischen pharmazeutisch geeigneten 
flUssigen Oder festen Trager enthalt. 

81. Die Verwendung eines zyklischen Peptids wie in einem der AnsprOche 1 bis 73 beansprucht zur 
Herstellung einer pharmazeutischen Zusammensetzung fur die Behandlung unterschiedlicher Krankhei- 
ten. 

82. Die Verwendung eines zyklischen Peptids wie in einem der AnsprOche 1 bis 73 beansprucht zur 
Herstellung einer pharmazeutischen Zusammensetzung fur die Behandlung bronchotrachealer konstrin- 
gierender Krankheiten. 

Revendications 

1. Peptide cyclique de formule : 



I. 



X-His-Ser-AsFHAla-VaJ-Phe-Thr-Rs-Asn-Tyr-Thr-R, 



Lau.Arg.Lys^ln-R ir Ala.Val-Lys-Lys.Tyr. [X-(SSQ ID NO:2)-Y] 

leu-Asr>Ser-R2s-leu-R2s-Y 



dans laquelle Ra est Asp, Glu ou Lys ; R12 est Arg, Lys, Orn ou Asp ; R17 est Met ou Nle ; R26 est lie 
ou Val ; R 2 8 est Asn ou Thr ; X est un hydrogene ou un groupe amino-protecteur hydrolysable; Y est 
un groupe hydroxyle ou un groupe carboxy-protecteur hydrolysable ; ou Tun de ses sels acceptables 
d'un point de vue pharmaceutique. 

2. Peptide cyclique selon la revendication 1, dans lequel R17 est Nle, R26 est Val et R28 est Thr. 

3. Peptide cyclique selon la revendication 2, dans lequel ledit peptide est Ac-ILys^.Nle^.VaF.Thr^J-VIP- 
cyclo-(Asp 8 -Lys 12 ) [Ac-(SEQ ID NO:20)-NH 2 ]. 

4. Peptide selon la revendication 2, dans lequel ledit peptide est Ac-fGI^.Lys^.Nle^.Val^.Thr^J-VIP- 
cyclo-(Glu 8 -Lys 12 ) [Ac-(SEG ID NO:21)-NH 2 ]. 

5. Peptide selon la revendication 2, dans lequel ledit peptide est Ac-tOrn^.Nle^.VaF.Thr^J-VIP-cyclo- 
(Asp 8 -Orn 12 ) [Ac-(SEQ ID NO:23)-NH 2 ]. 
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6. Peptide selon la revendication 2, dans lequel ledit peptide est Ac[Lys 8 ( Asp 12 ,Nle 17 ,Val 26 ,Thr 28 }-VIP- 
cyclo-(Lys 8 -Asp 12 ) [Ac-(SEQ ID NO:24)-NH2]. 

7. Peptide selon la revendication 2, dans lequel ledit peptide est Ac-[Glu^rn 12 ,Nle^VaF Jhr^l-VIP- 
cyclo-(Glu 8 ->Orn 12 ) [Ac-(SEQ ID NO:25)-NH 2 ]. 

8. Peptide cyclique de formule : 

II. 

i i 

X-His-Ser-Asp-Ala-Val-Phe-Thr-R 8 -Asp-Tyr-Thr-Lys- 

Leu-Afg-Lys-Gln-R ir Ala-Vai-Lys-Lys-Tyr- (X-(SEQ ID NO:4)-Y] 

Leu-Asp-Ser-R 2 6-Leu-R23* Y 

dans laquelle Rs est Asp ou Asn ; R17 est Met ou Nle ; R 2 6 est lie ou Val ; R28 est Asn ou Thr ; X est 
un hydrogene ou un groupe amino-protecteur hydrolysable ; Y est un groupe hydroxyle ou un groupe 
carboxy-protecteur hydrolysable ; ou Tun de ses sels acceptables d'un point de vue pharmaceutique. 

9. Peptide selon la revendication 8, dans lequel ledit peptide est Ac-[Asn 8 ,Asp 9 , Lys^.Nle^Val^.Thr 28 ]- 
VIP-cyclo-(Asp 9 -Lys 12 ) [Ac-(SEQ ID NO:22)-NH 2 ]. 

10. Peptide cyclique de formule : 

III . 

I 

X*His-Ser-Asr>Ala-Val-Phe«Thr-Asp-Asn-Tyr-Thr-Lys- 

l 

Leu-Afg-Lys-Glu-R ir Ala-VaJ-Lys-Lys-Tyr- 

Leu-AsphSer-R 25 -Leu-R28-Y (X- (SEQ ID NO: 6) -Y] 

dans laquelle R17 est Met ou Nle ; R26 est He ou Val ; R 2 s est Asn ou Thr ; X est un hydrogene ou un 
groupe amino-protecteur hydrolysable ; Y est un groupe hydroxyle ou un groupe carboxy-protecteur 
hydrolysable ; ou Tun de ses sels acceptables d f un point de vue pharmaceutique. 

11. Peptide cyclique selon la revendication 10, dans lequel ledit peptide est Ac-fLys^.Glu^.Nle^.Val 26 , 
Thr 28 ]-VIP-cyclo-(Lys 12 -Glu 16 ) [Ac-(SEQ ID NO:26)-NH 2 ]. 
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12. Peptide cyclique de formule : 

IV. 



X^His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-R^- 



Leu-Arg-Lys-GIrvR^AIa-Val-Lys-Lys-Tyr- 



Leu-AsphSer-R 2 6-Leu-R2a-Y [X- (SEQ ID NO:8)-Y] 



dans laquelle R12 est Arg ou Lys ; R17 est Met ou Nle ; R26 est He ou Val ; R28 est Asn ou Thr ; X est 
un hydrogene ou un groupe amino-protecteur hydrolysable ; Y est un groupe hydroxyle ou un groupe 
carboxy-protecteur hydrolysable ; ou Tun de ses sels acceptables d'un point de vue pharmaceutique. 

13. Peptide selon la revendication 12, dans lequel ledit peptide est Ac-fLys^.Nle^.Asp^.Val^.Thr^J-VIP- 
cyclo-fLys^-Asp 24 ) [Ac-(SEQ ID NO:27)-NH 2 ]. 

14. Peptide cyclique de formule : 

V. 



X-RrRrAsp-Ala-Va^Rs-Thr-Rs-AsrvR^-Thr-R^ 



Leu-Arg-Lys-R^RirAia-R^-Lys-Lys-Rzr 



Leu-R 24 -As{>R2s-R2rR23-Y [X-(SEQ ID NO:10)-Y] 



dans laquelle R1 est His, N-CH 3 -Ala ; R2 est Ser ou Ala ; Re est 

Q 

H 6 

dans laquelle Q est un radical (alkyle inferieur)-cyclohexyle ou (alkyle inferieur)-aryle ; Rs est Asp, Glu 
ou Ala ; Rio est Tyr ou Rs ; R12 est Arg ou Lys ; Rig est Gin ou Ala ; R17 est Met, Nle ou Ala ; R19 est 
Val ou Ala ; R22 est Tyr ou Rs ; R24 est Asn ou Ala ; R2S est lie, Val ou Leu ; R27 est Leu ou Lys ; R28 
est Asn, Thr ou Lys ; X est un hydrogene ou un groupe amino-protecteur hydrolysable ; Y est un 
groupe hydroxyie, un groupe carboxy-protecteur hydrolysable, ou R29-R30-R31-Z ; R29 est Gly ou Ala ; 
R30 est Gly ou Ala ; R31 est Ala, Met, Cys(Acm) ou Thr ; Z est un groupe hydroxyle ou un groupe 
carboxy-protecteur hydrolysable ; ou ses sels acceptables d'un point de vue pharmaceutique. 

15. Peptide cyclique selon la revendication 14, dans lequel Q est le radical mSthylcyclohexyle. 

16. Peptide cyclique selon la revendication 14, dans lequel Q est un radical (alkyle en Ci-2)aryle. 
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17. Peptide cyclique selon la revendication 16, dans lequel Q est un radical (alkyle en Ci- 2 )phenyle dans 
lequel ie noyau phenyle est non substitue ou est substitue par un ou plusieurs substituants choisis 
parmi OH, OCH 3 , F, CI, I, CH 3l CF 3 , NO2, NH 2l N(CH 3 >2, NHCOCH 3 , NHCOCgHs ou C(CH 3 ) 3 . 

18. Peptide cyclique selon la revendication 16, dans lequel Q est un radical (alkyle en Ci - 2 )naphtyle dans 
lequel les noyaux naphtyle sont non substituSs ou substituSs par un ou plusieurs substituants choisis 
parmi OH, OCH 3 , F, CI, I, CH 3 , CF 3 , NO2, NH 2 , N(CH 3 >2, NHCOCH 3 , NHCOCsHs ou C(CH 3 ) 3 . 

19. Peptide cyclique selon la revendication 14, dans lequel R26 est Val et R28 est Thr [X-(SEQ ID NO:11)- 

n 

20. Peptide selon la revendication 114, dans lequel R17 est Nle, Fks est Val et Ffes est Thr [X-(SEQ ID 
NO:12)-Y]. 

21. Peptide selon la revendication 20, dans lequel ledit peptide est Ac-fGI^.Orn^.Nle^.VaF.Thr^l-VIP- 
cycMLys^-Asp 25 ) [Ac-(SEQ ID NO:31)-NH 2 ]. 

22. Peptide selon la revendication 20, dans lequel R12 est Leu, R17 est Nle, R19 est Ala, R26 est Val et R28 
est Thr [X-(SEQ ID NO:13)-Y], 

23. Peptide selon la revendication 22, dans lequel ledit peptide est Ac-[2-Nal 1 ^Leu 12 , Nle^.Ala^.Asp 25 , 
Val^.Thr^l-VIP cyclo (Lys^Asp 25 ) [Ac-(SEQ ID NO:35)-NH 2 ]. 

24. Peptide selon la revendication 22, dans lequel ledit peptide est Ac-[O-Me-Tyr 10 ,Leu 12 ,Nle 17 ,Ala 19 , 
Asp^Val^Thr 28 ]-VIP cyclo [Ac-(SEQ ID NO:36)-NH 2 ]. 

25. Peptide selon la revendication 22, dans lequel ledit peptide est Ac-[p-F-Phe 6 ,p-NH 2 -Phe 10 ,Leu 12 ,Nle 17 , 
Ala 19 ,Asp 25 ,Val 26 ,Thr 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:37)-NH 2 ]. 

26. Peptide selon la revendication 20, dans lequel Ri 2 est Lys, R17 est Nle, R 2 g est Val et R 2 a est Thr [X- 
(SEQ ID NO:14)-Y]. 

27. Peptide selon la revendication 26, dans lequel ledit peptide est Ac-ILys^.Nle^.Asp^.VaFjhr^l-VIP- 
cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:28)-NH 2 ]. 

28. Peptide selon la revendication 26, dans lequel ledit peptide est Ac-[p-F-Phe 6 ,2-Nal 10 ,Lys 12 ,Nle 17 , 
Asp^.Val^.Thr^.Gly^^Me^^-VIP (1-31)-NH 2 -cyclo-(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:30)-NH 2 ]. 

29. Peptide selon la revendication 26, dans lequel ledit peptide est Ac-[p-F-Phe 5 ,Glu 8 ,Lys 12 ,Nle 17 ,Asp 25 , 
Val^Jhr^.Gly^'^.Thr^J-VIP cyclo-fLys^Asp 25 ) [Ac-(SEQ ID NO:66)-NH 2 ]. 

30. Peptide selon la revendication 20, dans lequel R12 est Lys, R17 est Nle, R19 est Ala, R26 est Val et R 2 s 
est Thr [X-(SEQ ID NO:15)-Y]. 

31. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-fLys^.Nle^.Ala^.Asp^.Val 26 , 
Thr^J-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:29)-NH 2 ]. 

32. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-[p-F-Phe 6 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 , 
Val 26 ,Thr 28 ,Gly 29 ' 30 ,Cys(Acm) 31 ]-VIP (1-31)-NH 2 -cyclo-(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:32)-NH 2 ]. 

3a Peptide selon la revendication 30, dans lequel ledit peptide est Ac-[Ala 2 ,Lys ;2 ,Nle 17 ,Ala 19 ,Asp 25 , 
Val 26 ,Thr 28 ]-VIP-cyclo-(Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:33)-NH 2 ]. 

34. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-tN-Me-AI^Lys^.Nle^Ala^.Asp 25 , 
Val 26 , Thr 28 ]- VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:34)-NH 2 ]. 

35. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-lO-Me-Tyr^.Lys^.Nle^.Ala^.Asp 25 , 
VaP.Thr^J-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:41)-NH 2 ]. 
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36. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-[p-F-Phe^Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 , 
VaF.ThrSj-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:49)-NH 2 ]. 

37. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-[1-Nal 5 1 Lys 12 ,Nle l7 ,Ala 19 ,Asp 25 , 
Val^.ThrSj-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:50)-NH2]. 

3a Peptide selon la revendication 30, dans lequel ledit peptide est Ac-[p-NH2-Phe 10 ,Lys 12 ,Nle 17 ,Ala 19 , 
Asp^.VaP.Thr^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:54)-NH 2 ]. 

39. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-[Lys 12 Nle^Ala^.m-OChh-Tyr 22 
Asp^.Val^Jhr^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:55)-NH 2 ]. 

40. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-tLys^.Nle^.Ala^.m-F-L-Tyr 22 , 
Asp^VaFjhr^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:56)-NH 2 ]. 

41. Peptide selon la revendication 30, dans lequel ledit peptide est Ac-IGl^.Lys^.Nle^.Ala^.Asp^.Val 26 , 
Thr^.Gly^'^.Thr^l-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:65)-NH 2 ]. 

42. Peptide selon la revendication 14, dans lequel R 2 s est Leu et R 27 et R 28 sont tous les deux Lys [X- 
(SEQ ID NO:16)-Y]. 

43. Peptide selon la revendication 42, dans lequel Ri 2 est Lys, R17 est Ala, R19 est Ala, Ffee est Leu et R 27 
et R28 sont tous les deux Lys [X-(SEQ ID NO:17)-Y]. 

44. Peptide selon la revendication 43, dans lequel ledit peptide est Ac-[Glu,Lys 12 ,Ala 16 ' 17 ' 19 ,Asp 25 ,Leu 26 , 
Lys 27,28 ]V | P cyc|Q ( Ly s 21 -Asp 25 ) [Ac-(SEQ ID NO:60)-NH 2 ]. 

45. Peptide selon la revendication 43, dans lequel ledit peptide est Ac-[Ala 8 Lys 12 ,Ala 16 ' 17,19 ,Ala 24 ,Asp 25 , 
Leu^.Lys^l-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:62)-NH 2 ]. 

46. Peptide selon la revendication 43, dans lequel ledit peptide est Ac-[Glu 8 Lys 12 ,Ala 18,17 ' 19 ,Ala 2 *,Asp 25 , 
Leu 26 ,Lys 27 ' 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:64)-NH 2 ]. 

47. Peptide selon la revendication 42, dans lequel Ri 2 est Lys, R17 est Nle, R 2 s est Leu et Ffe 7 et R 28 sont 
tous les deux Lys [X-(SEQ ID NO:18)-Y]. 

48. Peptide selon la revendication 47, dans lequel ledit peptide est Ac-[Ala 2 ,Glu 8 ,Lys 12 ,Nle 17 ,Asp 25 ,Leu 26 , 
Lys 27 ' 28 ,Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:67)-NH 2 ]. 

49. Peptide selon la revendication 47, dans lequel ledit peptide est Ac-tGI^.Lys^.Nle^.Asp^.Leu 26 , 
Lys 27 - 28 ,Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:68)-NH 2 ]. 

50. Peptide selon la revendication 47, dans lequel Ri 2 est Lys, R17 est Nle, R19 est Ala, R 2 e est Leu, et 
R27 et R 28 sont tous les deux Lys [X-(SEQ ID NO:19)-Y]. 

51. Peptide selon la revendication 50, dans lequel Ri 2 est Lys, Ru est Gin, R17 est Nle, R19 set Ala, R 2 & 
est Leu, et R 27 et Ffes sont tous les deux Lys [X-(SEQ ID NO:70)-Y]. 

52. Peptide selon la revendication 51, dans lequel R 2 est Ser, Ri 2 est Lys, Rig est Gin, R17 est Nle, Rig 
est Ala, R 2 g est Leu, et R 27 et R 28 sont tous les deux Lys [X-(SEQ ID NO:71)-Y]. 

53. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-ILys^.Nle^.Ala^.Asp^.Leu 25 , 
Lys 27 - 28 ]-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:38)-NH 2 ]. 

54. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[N-Me-Ala 1 ,Lys 12 ,Nle 17 ,Ala l9 ,Asp 25 , 
Leu 26 , Lys 27 » 28 ]- VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:39)-NH 2 ]. 
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55. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 2S ,Leu 26 t 
Lys 27.28j. V |p cyc|0 (Lys^-Asp 25 ) [Ac-(SEQ ID NO:40)-NH2]. 

56. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 2e , 
Lys 27,28 AIa 29-3i]. Vi p cyclo (Lys 2w As p25) [Ac-(SEQ ID NO:42)-NH 2 ]. 

57. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[N-Me-AIa\Glu 8 .Lys 12 ,Nle 17 ,A!a 19 , 
Asp^eu^Lys^J-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:44)-NH 2 ]. 

5& Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[p-F-Phe 6 ,Glu 8 ,Lys 12 ,Nle l7 ,Ala 19 , 
Asp^.Leu^.Lys 27 - 28 ^^ cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:45)-NH 2 ]. 

59. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[1-Nal 6 ,Glu 8 ,Lys 12 Nle 17 ,Ala 19 , 
Asp^Leu^Lys^J-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:46)-NH 2 ]. 

60. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Glu 8 ,p-NH 2 -Phe l0 ,Lys 12 ,Nle 17 ,Ala 19 , 
Asr^.Leu^Lys^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:47)-NH 2 ]. 

61. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Glu 8 ,O-Me-Tyr 10 ,Lys 12 ,Nle 17 ,Ala 19 , 
Asp^.Leu^.Lys^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:48)-NH 2 ]. 

62. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Glu 8 .Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 , 
Lys 27,28 G|y 29,30 Thr 3i]. V |p C yclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:52)-NH 2 ]. 

63. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,m-OCH 3 - 
Tyr^.Asp^.Leu^.Lys 27 - 28 ]^^ cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:57)-NH 2 ]. 

64. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Glu 8 ,Lys 12 ,Nle l7 ,Ala 19 ,m-F-L- 
Tyr^Asp^.Leu^Lys^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:58)-NH 2 ]. 

65. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Ala 8 ,Lys 12 ,Nle 17 ,Ala 19 l Ala 24 ,Asp 25 , 
Leu^.Lys^J-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:59)-NH 2 ]. 

66. Peptide selon la revendication 52, dans lequel ledit peptide est Ac-[Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 , 
Lys 27 - 28 ,Ala 29 ~ 31 ]-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:69)-NH 2 ]. 

67. Peptide selon la revendication 51, dans lequel R 2 est Ala, Ri 2 est Lys, Ri6 est Gin, R17 est Nle, R19 
est Ala, R 26 est Leu, et R 27 et R 28 sont tous les deux Lys [X-(SEQ ID NO:72)-Y]. 

68. Peptide selon la revendication 67, dans lequel ledit peptide est Ac-[Ala 2 ,Glu 8 ,Lys 12 ,Nle 17 ,Ala 19 ,Asp 25 , 
Leu^Lys 27 ' 28 ,^ 29 - 31 ]-^ cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:43)-NH 2 ]. 

69. Peptide selon la revendication 67, dans lequel ledit peptide est Ac-[Ala 2 ,Glu 8 ,Lys 12 Nle 17 ,Ala 19 ,Asp 25 , 
Leu^.Lys^^.Gly^'^.ThrS^-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:51)-NH 2 ]. 

70. Peptide selon la revendication 67, dans lequel ledit peptide est Ac-[Ala 2 ,Glu 8 ,Lys l2 ,Nle 17 ,Ala l9 ,Asp 25 , 
Leu^.Lys 27 ' 28 ]-^ cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:53)-NH 2 ]. 

71. Peptide selon la revendication 50, dans lequel Ri 2 est Lys, Rig est Ala, R17 est Nle, R19 est Ala, R26 
est Leu, et R27 et R 28 sont tous les deux Lys [X-(SEQ ID NO:73)-Y]. 

72. Peptide selon la revendication 71, dans lequel ledit peptide est Ac-[Ala 8 ,Lys 12 ,Ala 1G ,Nle 17 ,Ala 19 ,Ala 24 , 
Asp^.Leu^.Lys^^l-VIP cyclo (Lys^-Asp 25 ) [Ac-(SEQ ID NO:61)-NH 2 ]. 

73. Peptide selon la revendication 71, dans lequel ledit peptide est Ac-tGlu^Lys^.Ala^.Nle^Ala^.Asp 25 , 
Leu^.Lys^l-VIP cyclo (Lys 21 -Asp 25 ) [Ac-(SEQ ID NO:63)-NH 2 ]. 
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74. Peptide cyclique selon Tune quelconque des revendications 1, 8, 10, 12 ou 14, comme agent 
therapeutique. 

75. Peptide cyclique selon Tune quelconque des revendications 1, 8, 10, 12 ou 14, comme bronchodilata- 
teur. 

76. Peptide cyclique Ac-[Glu 8 ,Lys l2 ,Nle 17 ,Ala 19 ,Asp 25 ,Leu 26 ,Lys 27 ' 28 ,Gly 29 ' 30 ,Thr 31 ]-VIP cyclo (Lys 21 -Asp 25 ) 
[Ac-(SEQ ID NO:52)-NH2], comme agent therapeutique. 

77. Peptide cyclique Ac-[Glu^Lys 12 l Nle l ^AIa 1 ^Asp 25 ,Leu 26 ,Lys 27 ' 28 ,Gly 29 ■ 30 ,Thr 3l ^VIP cyclo (Lys 21 -Asp 25 ) 
[Ac-(SEQ ID NO:52)-NH2], comme bronchodilatateur. 

78. Procede pour preparer un peptide cyclique selon Tune quelconque des revendications 1, 8, 10, 12 ou 
14, caracterise en ce que : 

a) on procede a une deprotection selective d'un peptide protege et fixe a une resine, ayant une 
sequence correspondante d'acides amines, pour produire un groupe amino en chaTne laterale libre 
et un groupe carboxyle en chaTne late>ale libre ; 

b) on lie par liaison covalente a un reactif approprie formant un amide le groupe amino en chaTne 
lateVale libre et le groupe carboxyle en chaTne lateVale libre, et 

c) on deprotege le peptide cyclise, et on le dissocie de la resine par traitement avec un reactif 
appropri^ de deprotection et de dissociation, si on le souhaite en presence d'autres additifs 
appropries, tels que des fixateurs de cations, et, si on le souhaite, on convertit le peptide cyclique 
en un sel acceptable d'un point de vue pharmaceutique. 

79. Composition pharmaceutique contenant un peptide cyclique selon Tune quelconque des revendications 
1 a 73 et un excipient inerte, non toxique, acceptable d'un point de vue pharmaceutique. 

80. Composition pharmaceutique pour le traitement des troubles de la constriction broncho-trach£ale, cette 
composition contenant une quantite efficace d'un peptide cyclique selon Tune quelconque des 
revendications 1 a 73 et un excipient liquide ou solide non toxique, acceptable d'un point de vue 
pharmaceutique. 

81. Utilisation d'un peptide cyclique selon Tune quelconque des revendications 1 a 73 pour preparer une 
composition pharmaceutique destine"e au traitement de differents troubles. 

82. Utilisation d'un peptide cyclique selon Tune quelconque des revendications 1 a 73 pour preparer une 
composition pharmaceutique destinee au traitement des troubles de la constriction broncho-trach£ale. 
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